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PKEFACE 

Geology is a science of such rapid growth that no apology is 
expected when from time to time a new text-book is added to 
those already in the field. The present work, however, is the 
outcome of the need of a text-book of very simple outline, in 
which causes and their consequences should be knit together as 
closely as possible, — a need long felt by the author in his teach- 
ing, and perhaps by other teachers also. The author has ven- 
tured, therefore, to depart from the common usage which sub- 
divides geology into a number of departments, — dynamical, 
structural, physiographic, and historical, — and to treat in im- 
mediate connection with each geological process the land forms 
and the rock structures which it has produced. 

It is hoped that the facts of geology and the inferences drawn 
from them have been so presented as to afford an efficient dis- 
cipline in inductive reasoning. Typical examples have been 
! used to introduce many topics, and it has been the author's aim 
to give due proportion to both the wide generalizations of our 
science and to the concrete facts on which they rest. 
There have been added a number of practical exercises such 
*^ as the author has used for several years in the class room. 
* These' are not made so numerous as to displace the problems 
W which no doubt many teachers prefer to have their pupils solve 
^impromptu during the recitation, but may, it is hoped, suggest 
K) their use. 

N In histol*ical geology a broad view is given of the develop- 
ment of the North American continent and the evolution of 
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iv PREFACE 

life upon the planet. Only the leading types of plants and 
animals are mentioned, and special attention is given to those 
wliich mark the lines of descent of forms now living. 

By omitting much technical detail of a mineralogical and 
paleontological nature, and by confining the field of view almost 
wholly to our own continent, space has been obtained to give 
to what are deemed for beginners the essentials of the science 
a fuller treatment than ]>erhaps is common. 

It is assumed that field work will be introduced with the 
commencement of the study. The common rocks are therefore 
briefly described in tlie opening chapters. The drift also receives 
early mention, and teachers in the northern states who begin 
geology in the fall may prefer to take up the chapter on the 
Pleistocene immediately after the chapter on glaciers. 

Simple diagi'ams have been used freely, not only because they 
are often clearer than any verbal statement, but also because 
they readily lend themselves to reproduction on the blackboard 
by the pupil. The text will suggest others wliich the pupil may 
invent. It is hoped that the photographic views may also be 
used for exercises in the class room. 

The generous aid of many friends is recognized with special 
pleasure. To Professor W. M. Davis of Harvard University there 
is owing a large obligation for the broad conceptions and lumi- 
nous statements of geologic facts and principles with wliich he 
has enriched the literature of our science, and for his stimulating 
influence in education. It is hoped that both in subject-matter 
and in method the book itself makes evident this debt. But 
besides a general obligation shared by geologists everywhere, and 
in varying degrees by perhaps all authors of recent American 
text-books in earth science, there is owing a debt direct and 
personal. The plan of the book, with its use of problems and 
treatment of land forms and rock structures in immediate con- 
nection with the processes which produce them, was submitted 



PREFACE V 

to Professor Davis, and, receiving his approval, was carried into 
effect, although without the sanction of precedent at the time. 
Professor Davis also kindly consented to read the manuscript 
throughout, and his many helpful criticisms and suggestions are 
acknowledged with sincere gratitude. 

Parts of the manuscript have been reviewed by Dr. Samuel 
Calvin and Dr. Frank M. Wilder of the State University of 
Iowa ; Dr. S. W. Beyer of the Iowa College of Agriculture and 
Mechanic Arts; Dr. U. S. Grant of Northwestern University; 
Professor J. A. Udden of Augustana College, Illinois ; Dr. C. H. 
Gordon of the New Mexico State School of Mines; Principal 
Maurice Picker of the High School, Burlington, Iowa ; and the 
following former students of the author who are engaged in the 
earth sciences : Dr. W. C. Alden of the United States Geological 
Survey and the University of Chicago ; Mr. Joseph SnifFen, in- 
structor in the Academy of the University of Chicago, Morgan 
Park ; Professor Martin lorns. Fort Worth University, Texas ; 
Professor A. M. Jayne, Dakota University; Professor G. H. 
Bretnall, Monmouth College, Illinois ; Professor Howard E. 
Simpson, Colby College, Maine; Mr. E. J. Cable, instructor in 
the Iowa State Normal College; Principal C. C. Gray of the 
High School, Fargo, North Dakota ; and Mr. Charles Persons of 
the High School, Hannibal, Missouri. A large number of the 
diagrams of the book were drawn by Mr. W. W. White of the 
Art School of Cornell College. To all these friends, and to 
the many who have kindly supplied the illustrations of the text, 
whose names are mentioned in an appended list, the writer 

returns his heartfelt thanks. 

WILLIAM HARMON NORTON 

Cornell College, Mount Vernon, Iowa 

July, 1906 



INTRODUCTORY NOTE 

During the preparation of this book Professor Norton has frequently 
discussed its plan with nie by correspondence, and we have considered 
together the matters of scope, arrangement, and presentation. 

As to scope, the needs of the young student and not of the expert 
have been our guide ; the book is therefore a text-book, not a reference 
volume. 

In arrangement, the twofold division of the subject was chosen be- 
cause of its simplicity and effectiveness. The principles of physical 
geology come first ; the several chapters are arranged in what is believed 
to be a natural order, appropriate to the greatest part of our country, 
80 that from a simple beginning a logical sequence of topics leads 
through the whole subject. The historical view of the science comes 
second, with many specific illustrations of the physical processes pre- 
viously studied, but now set forth as part of the story of the earth, 
with its many changes of aspect and its succession of inhabitants. 
Special attention is here given to North America, and care is taken 
to avoid overloading with details. 

With respect to method of presentation, it must not be forgotten 
that the text-book is only one factor in good teaching, and that in 
geology, as in other sciences, the teacher, the laboratory, and the local 
field are other factors, each of which should play an appropriate part. 
The text suggests observational methods, but it cannot replace observa- 
tion in field or laboratory ; it offers certain exercises, but space cannot 
be taken to make it a laboratory manual as well as a book for study ; it 
explains many problems, but its statements are necessarily more terse 
than the illustrative descriptions that a good and experienced teacher 
should supply. Frequent use is made of induction and inference in 
order that the student may come to see how reasonable a science is 
geology, and that he may avoid the too common error of thinking that 
the opinions of << authorities " are reached by a private road that is 
closed to him. The further extension of this method of presentation 
is urged upon the teacher, so that the young geologist may always learn 
the evidence that leads to a conclusion, and not only the conclusion itself. 

Harvard University, Cambridge, Mass. ^' ^' ^^^S 

July, 1905 
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INTKODUCTION 
THE SCOPE AND AIM OF GEOLOGY 

Geology deals with the rocks of the earth's crust. It learns 
from their composition and structure how the rocks were made 
and how they have been modified. It ascertains how they have 
been brought to their present places and wrought to their vari- 
ous topographic forms, such as hills and valleys, plains and 
mountains. It studies the vestiges which the rocks preserve of 
ancient organisms which once inhabited our planet. Geology is 
the history of the earth and its inhabitants, as read in the rocks 
of the earth's crust. 

To olDtain a general idea of the nature and method of our 
science before beginning its study in detail, we may visit some 
valley, such as that illustrated in the frontispiece, on whose 
sides are rocky ledges. Here the rocks lie in horizontal layers. 
Although only their edges are exposed, we may infer that these 
layers run into the upland on either side and underlie the entire 
district; they are part of the foundation of solid rock which 
everywhere is found beneath the loose materials of the surface. 

The ledges of the valley of our illustration are of sandstone. 
Looking closely at the rock we see that it is composed of 
myriads of grains of sand cemented together. These grains 
have been worn and rounded. They are sorted also, those of 
each layer being about of a size. By some means they have 
been brought hither from some more ancient source. Surely 

1 



2 THE ELEMENTS OF GEOLOGY 

these grains have had a history befoi-e they hei-e found a resting 
place, — a history which we are to learn to read. 

The successive Liyei-s of the rock suggest that they were 
built one after ancjther from the bottom upward. We may be as 
sure that each layer was formed before those above it as that 
the bottom courses of stone in a wall were laid before the courses 
which rest upon them. 

We have no reason to l)elieve that the lowest layers which 
we -see here were the earliest ever formed. Indeed, some deep 
boring in the vicinity may })rove that the ledges rest upon other 
layers of rock which extend downward for many hundreds of 
feet below the valley lioor. Nor may we conclude that the 
highest layers here were the latest ever laid ; for elsewhere we 
may find still later layers lying upon them. 

A short search may tind in the rock relics of animals, such 
as the imprints of shells, which lived when it was deposited; 
and as these are of kinds whose nearest living relatives now 
have their home in the sea, we infer that it was on the flat sea 
floor that the sandstone was laid. Its present position hundreds 
of feet above sea level proves that it has since emerged to form 
part of the land ; while the flatness of the beds shows that the 
movement was so uniform and gtnitle as not to break or strongly 
bend them from their original attitude. 

The surface of some of these layers is ripple-marked. Hence 
the sand must once have been as loose as that of shallow sea 
bottoms and sea beaches to-day, which is thrown into similar 
ripples by movements of the water. In some way the grains 
have since become cemented into firm rock. 

Note that the layers on one side of the valley agree with 
those on the other, each matching the one opposite at the same 
level. Once they were continuous across the valley. Where the 
valley now is was once a continuous upland built of horizontal 
layers ; the layers now show their edges, or outcrop, on the valley 
sides because they have been cut by the valley trench. 



THE SCOPE AND AIM OF GEOLOGY 3 

The rock of the ledges is crumbUng away. At the foot of 
each step of rock lie fragments which have fallen. Thus the 
valley is slowly widening. It has been narrower in the past ; it 
will be wider in the future. 

Through the valley runs a stream. The waters of rains which 
have fallen on the upper parts of the stream's basin are now on 
their way to the river and the sea. Eock fragments and grains 
of sand creepmg down the valley slopes come within reach of 
the stream and are washed along by the running water. Here 
and there they lodge for a time in banks of sand and gravel, 
but sooner or later they are taken up again and carried on. The 
grains of sand which were brought from some ancient source to 
fonn these rocks are on their way to some new goal. As they 
are washed along the rocky bed of the stream they slowly rasp 
and wear it deeper. The valley will be deeper in the future ; 
it has been less deep in the past. 

In this little valley we see slow changes now in progress. We 
find also in the composition, the structure, and the attitude of the 
rocks, and the land forms to wliich they have been sculptured, 
the record of a long succession of past changes involving the 
origin of sand grains and their gathering and deposit upon the 
bottom of some ancient sea, the cementation of their layers into 
soHd rock, the uphft of the rocks to form a land surface, and, 
last of all, the carving of a valley in the upland. 

Everywhere, in the fields, along the river, among the moun- 
tains, by the seashore, and in the desert, we may discover slow 
changes now in progress and the record of similar changes in the 
past. Everywhere we may catch ghmpses of a process of gradual 
change, which stretches backward into the past and forward 
into the future, by which the forms and structures of the face of 
the earth are continually built and continually destroyed. The 
science which deals with this long process is geology. Geology 
treats of the natural changes now taking place upon the earth 
and within it, the agencies wliich produce them, and the land 
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forms and rock stmctui-es wliich result. It studies the changes 
of the present in order to be able to read the history of the 
earth's changes in the ptist. 

The various agencies wliich have fasliioned the face of the 
earth may be (Uvided into two general classes. In Part I we 
shall consider those wliich work upon the earth from without, 
such as the weather, running water, glaciers, the wind, and the 
sea. In Part II we shall treat of those agencies whose sources are 
within the earth, and among whose manifestations are volcanoes 
and (^artlKiuakes and the various movements of the earth's crust. 
As we study each agency we sliall notice not only how it does 
its work, but also the rc^cords wliicli it leaves in the rock struc- 
tures and the land forms which it produces. With tliis prepara- 
tion we shall be able in Part III to read in the records of the 
rocks the history of our ])lanet and the successive forms of life 
whicli have dwelt upon it. 
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CHAPTEK I 

THE WORK OF THE WEATHER 

In our excursion to the valley with sandstone ledges we wit- 
nessed a process which is going forward in all lands. Every- 
where the rocks are crumbling away ; their fragments are creep- 
ing down hillsides to the stream ways and are carried by the 
streams to the sea, where they are rebuilt into rocky layers. 
When again the rocks are lifted to form land the process will 
begin anew; again they will crumble and creep down slopes 
and be washed by streams to the sea. Let us begin our study 
of this long cycle of change at the point where rocks disinte- 
grate and decay under the action of the weather. In studying 
now a few outcrops and quarries we shall learn a little of some 
conunon rocks and how they weather away. 

Stratification and jointing. At the sandstone ledges we saw 
that the rock was divided into parallel layers. The thicker 
layers are known as strata, and the thin leaves into which each 
stratum may sometimes be split are termed laminoe. To a greater 
or less degree these layers dififer from each other in fineness of 
grain, showing that the material has been sorted. The planes 
which divide them are called hedding planes. 

Besides the bedding planes there are other division planes, 
which cut across the strata from top to bottom. These are 

6 
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found in all rocks aud are kiiowii naJoiiUs (Fig. 1). Two 
of joint's, runiiins at about right angles to each other, togethi 
with the betldiiig planes, divide the Baudstonts into quadrangular 
blocks. 

Sandstone. Kxauiiiiijig a piece of sandstone we find it com- 
posed of grains nuile like those uf river sand or of aea beaches. 
Most of the gimiis 
are of a clear glassy 

mineral cajjeii 

i| ua rtz. TbesB 
i|uartJi grains aru 
fry hard and will 
rnitch the steel of 
knife blade. They 
re not affected by 
(■id, and their 

iri'egiilar like those 
of lii-oken glass. 

The grains of 
snndBtone are held 
together by some 
ri'iiieut. This may 
]«.'■ •■Mlenreg%^ con- 
si wtiiig of so_inEl»- 
i'lirbouate of liine. 
I n brown sand- 
sttjues the cement is 
commonly ferru^, 
_noug, — bydrated iron oxiiie, or iron rust, forming tfie bond, 
somewhat as in the case of iron nails which have rusted together. 
The strongest and most lasting cement i s siliceouSi_ and sand 
rocks whose grains are closely cemented by silica, the cbeniical 
substance of which quartz is made, are known as quartzites. 
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We are now prepared to understand how sandstone is affected 
by the action of the weather. On ledges wliere the rock iB 
exposed to view ita surface is more or lesa discolored and the 
grains are loose and may be rubbed off with the finger. On 
gentle slopes the rock is covered with a soil composed of sand, 
which evidently is crumbled sandstone, and dark carbonaceous 
matter derived from the decay of vegetation. Clearly it is by 
the dissolving of the cement that the rock thus breaks doi 
loose sand. A piece of sand- 
stone with calcareous cement, 
or a bit of old mortar, which 
is really an artificial stone 
also made of sand cemented 
by lime, may be treated in a 
test tube with hydroelilorie Fio. 2. Section of L 
acid to illustrate the process. Southeastern 




bb, limestrme diviileil into thin layers; 
e, tbick layers of laiuiurtti^ linieatone, 
the lamiuiB being firmly ceniented 
togetber; J,J,j, joints. Is 66 thia- 
layered because ori^nally so laid, or 
beeaiise it bas been broken iip liy 
weatlLcring, althougb once like c thick- 
layered? 



also we find tlie rock stratified 
and jointed (F^. 2). On the 
quarry face the rock is dis- 
tinctly seen to be altered for 
some distance from its upper 
surface. Below the altered 
zone the rock is sound and is quarried for buUduig; but the 
altered upper layers are too soft and broken to Ik used for this 
purpose If the limestone is lanmiated, the lamina; here have 
aplit apart, although below they hold fast tc^ther. Near the 
surface the stone has become rotten and crumbles at the touch, 
while on the top it has completely broken down to a tlmi layer 
of limestone meal, on which rests a fine reddish clay. 

Limestone is made of minute grauis of carbonate of lime all 
firmly held together by a calcareous cement. A ])iece of the 
stone placed in a test tul>e with hydrochloric acid ilissolvcs 
with brisk effervescence, leaving the insoluble impurities, wldch 
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were disseminated through it, at the bottom of the tube as a 
little clay. 

We can now understand the changes in the upper layers of 
the quarry. At the surface of the rock the limestone has com- 
pletely dissolved, lea\ing the insoluble residue as a layer of 
reddish clay. Immediately below the clay the rock has dis- 
integrated into meal where the cement between the limestone 
grains has been removed, while beneath this the laminae axe 
split apart where the cement has been dissolved only along the 
planes of lamination where the stone is more porous. As these 
changes in tlie rock are greatest at the surface and diminish 
downward, we infer that they have been caused by agents 
working downward from the surface. 

At certain points these agencies have been more effective 
than elsewhere. Tlie upper rock surface is pitted. Joints are 
widened as they approacli the surface, and along these seams we 
may find that the rock is altered even down to the quarry floor. 

A shale pit. I^t us now visit some pit where shale — a 
laminated and somewhat hardened clay — is quarried for the 
manufacture of brick. The laminae of this fine-grained rock may 
be as thin as cardboard in places, and close joints may break 
the rock into small rhombic blocks. On the upper surface we 
note that the sliale has weathered to a clayey soU in which 
all traces of structure have been destroyed. The clay and the 
upper layers of the shale beneath it are reddish or yellow, while 
in many cases the color of the unaltered rock beneath is blue. 

The sedimentary rocks. The three kinds of layered rocks 
whose acquaintance we have made — sandstone, limestone, and 
shale — are the leading types of the great group of stratified, or 
sedimentary, rocks. This group includes all rocks made of sedi- 
ments, their materials having settled either in water upon the 
bottoms of rivers, lakes, or seas, or on dry land, as in the case 
of deposits made by the wind and by glaciers. Sedimentary 
rocks are divided into the f ragmental rocks — wliich are made 
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<rf fragioents, either ci^rse or fine — ajiil the far less eomnioD 
rocks which are constituted uf chemical preci|utaU«. 

The sedimentary rocks are di\ided according to their com- 
position into the fullon-iug classes : 

1. The arenaceous, or quartz rocks, including beds of loose 
sand and gravel, sand- 
stone, quarizile, aii<! 
conglomerate (a rock 
made of cement*-ii 
rounded gravel or j-e^ 
bles). 

2. The calcareous, ur 
lime rocks, iiicludiiiL; 
limestrone and a soft 
white rock formed uf 
calcareous powder 
kuown as chalk. 

3. The argillaoei Ills. 
or clay rocks, hichnliug 
muds, clays, and shali-s. 

These three elassi's 
pass by mixture iiilo 
one another. Thus 

there are limy and clayey sandstones, siuidy ninl clayey lime- 
sUines, and sandy aud limy shales. 

Granite. This familiar rock may Ije studied as an example 
of the secoud great group of rocks, — the uTistratiJied, or iyne- 
ous rocks. These are uot made of cemented sedimuutary gi-ains, 
but of interlocking crystals which have crystallized from a mol- 
ten mass. Examining a piece of granite, the most conspicuous 
crystals which meot the eye are those of feldspar. They are 
commonly pink, wliite, or yellow, and bi'eak along smooth cleav- 
age planes which reflect the li^ht like tiny jiaues of 
Mica may be recognized by its glittering plates, which 
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tliiii elastic scales. A third mineral, harder than steel, break- 
ing along irregular surfaces like broken glass, we identify as 
quaitz. 

How granite altei*s under the action of the weather may 
be seen in outcro])S where it forms the l)ed rock, or country 
rock, underlying the loose formations of the surface, and in 
many parts of the noilhern states where granite bowlders and 
pebbles more or less decayed may be found in a surface sheet 
of stony clay called the drift. Of the different minerals com- 
posing granite, quartz alone remains unaltered, ^lica weathers 
to detached flakt^s which have lost their elasticity. The.j ddspar 
crystals have lost thtdr luster and hardness, and even haye de- 
ca}'ed to clay. AMiere long-weathered granite forms the coun- 
try rock, it often may be cut with spade or trowel for several 
feet from the surface^ so rotten is the feldspar, and here the rock 
is seen to l)reak down to a clay(^y soil contiiining grains of quartz 
and flakes of mica. 

These are a few sim[)lc illustrations of tlie surface changes 
wliich some of tlic common kinds of rocks undergo. The agen- 
cies by which these changes are brouglit alxait we will now 
take up under two divisions, — chemical ayencies producing 
rock decay and tticchanical ayencies i)ro(lucing rock disinte- 
gration. 

The Chemical Work of Water 

As water falls on the eaith in rain it has already absorbed 
from the air carbon dioxide (carbonic acid gas) and oxygen. As 
it sinks into the ground and becomes what is termed ground 
water, it takes into solution from the soil Immus acids and 
carbon dioxide, both of wliich are constantly being generated 
there by the decay of organic matter. So both rain and ground 
water are charged with active chemical agents, by the help 
of which they corrode and rust and decompose all rocks to 
a greater or less degree. We notice now three of the cliief 
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chemical processes concerned in weaLheiiug, — aolutinn, the 
formation of carbonates, and oxidation. 

Solution. limestone, although so httle affected by pure water 
that five thousand gallons would be needed to dissolve a sin- 
gle pound, is easily dissolved in water charged with carbon 
dioxide. In lime.'itoue regitms well water is therefore "hard." 
Un boiling tlie wnter for some time i\w cmljun dioxiile gas is 
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expelled, the whole of the hiiie carbonate can no longer be held 
iu Bolution, and much of it is thrown down to form a crust or 
"Bcale" in the kettle or in the tubes of the steam liriiler. All 
waters which flow over limestone rocka or soak through them 
are constantly engaged in dissolving them away, and in the 
course of time destroy beds of vast extent and gi'eat thickness. 
The upper surface of hmestone rocks becomes deejily pitted, 
m we saw iu the hmestoue quarry, aud where the mantle of 
waste has been removed it may be fouud so intricately fiUTowed 
that it is difficult to traverse (Fig, 4). 
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Beds of rock salt buried among the strata are dissolved by 
seeping water, wliich issues in salt spiings. Gypsum, a mineral 
composed of hydrated sulphate of Ume, and so soft that it may 
be scratched with the finger nail, is readily taken up by water, 
giving to the water of wells and springs a peculiar hardness 
difficult to remove. 

The dissolving action of moisture may be noted on marble tomb- 
stones of some age, marble being a limestone altered by heat and pres- 
sure and composed of crystalline grains. By assuming that the date on 
each monument marks the year of its erection, one may estimate how 
many years on the average it has taken for weathering to loosen fine 
grains on the polished surface, so that they may be rubbed off with the 
finger, to destroy the polish, to round the sharp edges of tool marks in 
the lettering, and at last to open cracks and seams and break down the 
stone. We may notice also whether the gravestones weather more 
rapidly on the sunny or the shady side, and on the sides or on the top. 

The weathered surface of granular limestone containing shells shows 
them sending in relief. As the shells are made of crystalline carbonate 
of lime, we may infer whether the carbonate of lime is less soluble in 
its granular or in its crystalline condition. 

The formation of carbonates. In attacking minerals water 
does more than merely take them into solution. It decomposes 
them, forming new cliemical compounds of which the carbonates 
are among the most important. Thus feldspar consists of the 
insoluble silicate of alumina, together with certain alkaline 
siHcates wliich are broken up by the action of water contain- 
ing carbon dioxide, forming alkaline carbonates. These carbon- 
ates are freely soluble and contribute potash and soda to soils 
and river waters. By the removal of the soluble ingredients of 
feldspar there is left the silicate of alumina, united with water 
or hydrated, in the condition of a fine plastic clay which, when 
white and pure, is known as kaolin and is used in the manu- 
facture of porcelain. Feldspatliic rocks which contain no iron 
compounds thus weather to whitish crusts, and even apparently 
sound crystals of feldspar, when ground to thin slices and placed 
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under the microscoixj, may be aeen to be milky in color thiough- 
out because an internal change to kaolin has begun. 

Oxidation. Bocks containing compounds of iron weather to 
reddish crusts, and the Beams of these rocka are often lined 
with rusty films. Oxygen and water have here united with the 
iron, foraiing hydrated iron oxide. The effects of oxidation may 
be Been in the alteration of 
many kinds of rocks and hi 
red and yellow colors of .sods 
and subsoils. 

Pyrite is a very hard mineral 
of a pale liram color, found 
ill Bcattered crystals in many 
rocks, and is compoBed of iron 
and sulphnr (iron, sulphide). 
Under the attack of the weathf )■ 
it taiea up osygen, forming 
iron sulphate (green vitriol), a 
soluble compound, and insoluble hydrated iron oxide, which as a. 
mineral is known as limonite. Several large masses of iron sulphide 
were placed some ynars ago on the lawn in front of the National 
Museum at Washington. The mineral changed so rapidly to green 
vitriol that enough of this poiaonous compound was washed into the 
ground to kill the roots of the surrounding grass. 

Agents of Mkchanical Disintegration 
Heat and cold. Rocks exposed to the direct rays of the sun 
become strongly heated by day and expand. After sunset they 
rapidly eool and contract Wlien the difference in temperature 
between day an<l night is considerable, the repeated strains of 
audden expansion and contraction at last become greater than 
the rocks can bear, and they break, for the same reason that a 
glass cracks when plunged into boiling water (Fig. 5). 

Rocks are poor conductors of heat, and hence their surfaces 
may become painfully hot under the full blaze of the sun, while 
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^^H the interiur reniains comparatively cool. By day the surface 

^^H shell expands and tends to break louse from the mass of the 

^^H stone. lu eooliiig in the evening the surface shell suddenly con- 

^^H tracts on the unyielding interior and in time is forced off in 

^^H scales (Fig. 6). 

^^* Many rnoks, siirli n;: p:rnintn. nre made up of grains of various 
iiunei'iils wliicli liillVi' in inlur and in their capacity to absorb 




boat, and which thorufui'e uuiitiact mid fspaiid in diffei-eut 
ratios. In heatuig and cooling these grains crowd against th^ 
neighbors and tear loose from them, so that finally the rock 
disintegrates into sand. 

The conditions for the destructive action oE heat and cold 
are mast fully met in arid regions when vegetation is wanting 
for lack of suflicient rain. The soil not beuig held together 
by the roots of plante ia blown away over large areas, leav- 
ing the rocks bare to the blazing sun in a clondliiss sky. 
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air is dry, and the heat received by the earth by day is there- 
fore rapidly radiated at night into space. There is a sharp 
and sudden fall of temperature after sunset, and the rocks, 
strongly heated by day, are now chilled perhaps even to the 
freezing point. 

In the Sahara the thermometer has been known to fall 131° F. 
within a few hom-s. In the light air of the Pamir plateau in central 
Asia a rise of 90° F. has been recorded from seven o'clock in the 
morning to one o'clock in the afternoon. On the mountains of south- 
western Texas there are frequently heard crackling noises as the rocks 
of that arid region throw off scales from a fraction of an inch to four 
inches in thickness, and loud reports are made as huge bowlders split 
apart. Desert pebbles weakened by long exposure to heat and cold have 
been shivered to fine sharp-pointed fragments on being placed in sand 
heated to 180° F. Beds half a foot thick, forming the floor of lime- 
stone quarries in Wisconsin, have been known to buckle and arch and 
break to fragments under the heat of the summer sun. 

Frost. By this term is meant tlie freezing and thawing of 
water contained in the pores and crevices of rocks. All rocks 
are more or less porous and all contain more or less water 
in their pores. Workers in stone call tliis "quarry water," and 
speak of a stone as " green " before the quarry water has dried 
out. Water also seeps along joints and bedding planes and 
gathers in all seams and crevices. Water expands in freezing, ten 
cubic inches of water freezing to about eleven cubic inches of 
ice. As water freezes in the rifts and pores of rocks it expands 
with the irresistible force illustrated in tlie freezing and breaking 
of water pipes in winter. The first rift in the rock, perhaps too 
narrow to be seen, is widened little by little by the wedges of 
successive frosts, and finally the rock is broken into detached 
blocks, and these into angular chip-stone by the same process. 

It is on mountain tops and in high latitudes that the effects of frost 
are most plainly seen. " Every summit," says Whymper, " amongst the 
rock summits upon which I have stood has been nothing but a piled-up 
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heap of fragments" (Fig, 7). In Iceland, in Spitzbergen, in Kamchathi,' ' 

n otiier frigid Inads large areas an- tliiclcly strewn with sharp-edged 
fragmenta into wliich the rock has been shattered by frost. 

Organic agents. Wb must reckon the ruots of plants and 
rees aiuung tlie agents wliicli break rocks into pieces. The 
tiny rni>tlet in itii seari'h for fooil and nnji.«ture insbrts itself 
into some minute 
rift, and as it grows 
slowly wedges the 
loek apart. 

Moreover, the 
acids of the root coiv 
rode the rocks with 
which they are in 
contact. One may 
3imietimes find in 
the soil a hloek ot 
limestone wrapped 
in a mesh of roots, 
ire it has eaten into 




I little furrow whi 



each of which lies in 
the stone. 

Rootless plants called lichem often cover and corrode roclcB 
as yet bare of soil ; but where lichens are destroying the roek 
less rapidly than does the weather, they seive in a way as a 
protection. 

Conditions favoring disintegration and decay. The disinte- 
gration of rocks under fi-ost and temperature changes goes on 
most rapidly in cold and aiid climates, and where vegetati(»i 
is scant or absent. On the contrary, the decay of rocks under 
the chemical action of water is favored by a warm, mtnst 
climate and abundant vegetation. Frost and heat and ctdd oaa 
only act within the few feet from the surface to which the 
necessary temperature changes are limited, while water pene- 
trates and alters the rocks to great depths. 
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The pupil may explain 

In what ways the presence of joints and bedding planes assists in the 
breaking up and decay of rocks under the action of the weather. 

Why it is a good rule of stone masons never to lay stones on edge, 
but always on their natural bedding planes. - 

Why stones fresh from the quarry sometimes go to pieces in early 
winter, when stones which have been quarried for some months remain 
uninjured. 

Why quarrymen in the northern states often keep their quarry floors 
flooded during winter. 

Why laminated limestone should not be used for curbstone. 

Why rocks composed of layers differing in fineness of grain and in 
ratios of expansion do not make good building stone. 

Fine-grained rocks with pores so small that capillary attraction keeps 
the water which they contain from readily draining away are more apt to 
hold their por6s ten elevenths full of water than are rocks whose pores 
are larger. Which, therefore, are more likely to be injured by frost? 

Which is subject to greater temperature changes, a dark rock or one 
of a light color ? the north side or the south side of a valley ? 

The Mantle of Rock Waste 

We have seen that rocks are everywhere slowly wasting 
away. They are broken in pieces by frost, by tree roots, and by 
heat and cold. They dissolve and decompose under the chemical 
action of water and the various corrosive substances which it 
contains, leaving their insoluble residues as residual clays and 
sands upon the surface. As a result there is everywhere form- 
ing a mantle of rock waste which covers the land. It is well to 
imagine how the country would appear were this mantle with 
its soil and vegetation all scraped away or had it never been 
formed. The surface of the land would then be everywhere of 
bare rock as unbroken as a quarry floor. 

The thickness of the mantle. In any locality the thickness 
of the mantle of rock waste depends as much on the rate at 
which it is constantly being removed as on the rate at which 
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it is forming. On the face of cliffs it is absent, for here waste 
is removed as fa^t sis it is made. Where waste is carried away 
more slowly than it ls produced, it accumulates in time to great 
depth. 

The granite of Pikes Peak is disintegrated to a depth of twenty feei 
In the city of Wasliington granite rock is so softened to a depth of eighty 
feet that it can be removed with pick and shovel. About Atlantai 
Georgia, the rocks are completely rotted for one hundred feet from the 
surface, whil<i th«* Ix^giniiings of decay may be noticed at thrice that 
depth. In places in southern Brazil the rock is decomposed to a depth 
of four hun<lnMl feet. 

In southw«*st<Tn Wisconsin a reddish residual clay has an average 
depth of thirt«*<'n f<;et on broad uplands, where it has been removed to 
the least ext«Mit. The country rock on which it rests is a limestone 
with about ten p<*r cfut of insoluble impurities. At least how thick, 
then, was that portion of the limestone which has rotted down to 
the clay? 

Distinguishing characteristics of residual waste. We must 
learn to (listiii«{uisli waste formed in place bv the action of the 
weather from tlie ])ro(lucts of other geological agencies. Resid- 
ual wastci is unst ratified. It contains no substances which 
have not been derived from the weathering of the parent rock. 
It gradually changt^.s into ]x»,rfe(;t rock at varying distances 
from tlie surface.. Waste resting on sound rock e\idently has 
been sliifted and was not formed in ])la('e. 

In certain regions of southern Missouri the land is covered with a 
layer of brok(^n flints and red clay, while the country rock is limestone. 
The lim(»stone contains nodules of flint, and we may infer that it has 
been by the decay and removal of thick masses of limestone that the 
residual layer of clay and flints has been l(*ft upon the surface. Flint is 
a form of (juartz, dull-lustered, usually gray or blackish in color, and 
opa(pie except on thinnest ede^es, where it is translucent. 

Over much of the northern states there is spread an unstratified stony 
clay called the drift. It often rests on sound rocks. Tt contains grains 
of sand, pebbles, and bowlders composed of many different minerals and 
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rocks that the country rock cannot furnish. Hence the drift cannot 
have been formed by the decay of the rock of the region. A shale or 
limestone, for example, cannot waste to a clay containing granite peb- 
bles. The origin of the drift will be explained in subsequent chapters. 

The differences in rocks are due more to their soluble than to 
their insoluble constituents. The latter are few in number and 
are much the same in rocks of widely different nature, beiag 
chiefly quartz, silicate of alumina, and iron oxide. By the 
removal of their soluble parts very many and widely different 
rocks rot down to a residual clay gritty with particles of quartz 
and colored red or yellow with iron oxide. 

In a broad way the changes which rocks undergo in weather- 
ing are an adaptation to the environment in which they find 
themselves at the earth's surface, — an environment different 
from that in which they were formed under sea or under ground. 
In open air, where they are attacked by various destructive 
agents, few of the rock-making minerals are stable compounds 
except quartz, the iron oxides, and the silicate of alumina ; and 
so it is to one or more of these comparatively uisoluble sub- 
stances that most rocks are reduced by long decay. 

Which produces a mantle of finer waste, frost or chemical decay? 
which a thicker mantle? In what respects would you expect that the 
mantle of waste would differ in warm luiinid lands like India, in frozen 
countries like Alaska, and in deserts such as the Sahara ? 

The soil. The same agencies which produce the mantle of 
waste are continually at work upon it, breaking it up into finer 
and finer particles and causing its more complete decay. Thus 
on the surface, where the waste has weathered longest, it is 
gradually made fine enough to support the growth of plants, 
and is then known as soU. Tlie coarser waste beneath is some- 
times spoken of as subsoil. Soil usually contains more or less 
dark, carbonaceous, decayiQg organic matter, called humus, and 
is then often termed the humus layer. Soil forms not only 
on waste produced in place from the rock beneath, but also on 
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materials which have Ijeen transported, such as sheets of glacial 
drift and river deposits. 

Until rocks are reduced to residual clavs the work of the weather is 
more rapid and effective on the fragments of the mantle of waste than 
on the rocks from which waste is being formed. Why? 

Anv fresh excavation of cellar or cistern, or cut for road or 
railway, will show the characteristics of the humus layer. It 
may form only a gray film on the surface, or we may find it a 
layer a foot or more thick, dark, or even black, above, and grow- 
ing gra<lually lighter in color as it passes by insensible gradations 
into the suV>8oil. In some way the decaying vegetable matter 
continually forming on the surface has become mingled with 
the material Ijeneath it. 

How humus and the subsoil are mingled. The mingling of 
humus and the subsoil is brought about by several means. The 
roots of plants ]:)enetrate the waste, and when they die leave their 
decaying substance to fertilize it. Leaves and stems falling on 
the surface are turned under bv several agents. Earthworms and 
other animals wlujse home is in the waste drag them into their 
burrows eitlier f(n' f(jod or to line their nests. Trees overthrown 
by the wind, roots and all, turn over the soil and subsoil and 
mingle them together. Bacteria also work in the waste and 
contribute to its enricliment. The animals living in the mantle 
do much in other ways toward the making of soil. They bring 
the coarser fragments from beneath to the surface, where the 
waste weathers more rapidly. Their burrows allow air and 
water to penetrate tlie waste more freely and to affect it to 
greater depths. 

Ants. In the tropics the mantle of waste is worked over chiefly by 
ants. They excavate underground galleries and chambers, extending 
sometimes as much as fourteen feet below the surface, and build mounds 
which may reach as high above it. In some parts of Paraguay and 
southern Brazil these mounds, like gigantic potato hills, cover tracts of 
considerable area. 
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In search for its food — the dead wood of trees — the so-called white 
ant constructs runways of earth about the size of gas pipes, reaching 
from the base of the tree to the topmost branches. On the plateaus of 
central Africa explorers have walked for miles through forests every 
tree of which was plastered with these galleries of mud. Each grain of 
earth used in their construction is moistened and cemented by slime 
as it is laid in place by the ant, and is thus acted on by organic chem- 
ical agents. Sooner or later these galleries are beaten down by heavy 
rains, and their fertilizing substances are scattered widely by the winds. 

Earthworms. In temperate regions the waste is worked over largely 
by earthworms. In making their burrows worms swallow earth in 
order to extract from it any nutritive organic matter which it may 
contain. They treat it with their digestive acids, grind it in their stony 
gizzards, and void it in castings on the surface of the ground. It was 
estimated by Darwin that in many parts of England each year, on every 
acre, more than ten tons of earth pass through the bodies of earthworms 
and are brought to the surface, and that every few years the entire soil 
layer is thus worked over by them. 

In all these ways the waste is made fine and stirred and 
enriched. Grain by grain the subsoil with its fresh mineral 
ingredients is brought to the surface, and the rich organic 
matter which plants and animals have taken from the atmos- 
phere is plowed under. Thus Nature plows and harrows on 
"the great world's farm" to make ready and ever to renew a 
soil fit for the endless succession of her crops. 

The world processes by which rocks are contiaually wasting 
away are thus indispensable to the life of plants and animals. 
The organic world is built on the ruins of the inorganic, and 
because the soUd rocks have been broken down into soil men 
are able to live upon the earth. 

Solar energy. The source of the energy which accomplishes all 
this necessary work is the sun. It is the radiant energy of the 
sun which causes the disiutegration of rocks, which lifts- vapor 
mto the atmosphere to fall as rain, which gives life to plants 
and animals. Considering the earth in a broad way, we may 
view it as a globe of solid rock, — the lithos2>here, — surrounded 



22 THE ELEMENTS OF GEOLOGY 

by two mobile envelopes: the envelope of air, — the atmosphere, 
and the envelope of water, — the hydrosphere. Under the 
action of solar energy these enveh)pes are in constant motion. 
Water from the hydrosphere is continually rising in vapor into 
the atmosphere, the air of the atmosphei-e penetrates the hydro- 
sphere, — for its gases are dissolved in all waters, — and both 
air and water enter and work upon the solid earth- By their 
action upon the lithosphere they have produced a third envelope, 
— the mantle of rock waste. 

This envelope also is in movement, not indeed as a whole, 
but particle by particle. Tlic causes which set its particles in 
motion, and the dill e rent forms which the mantle comes to 
assume, we will now j)r()ceed to study. 

Movements of the Mantle of Eock Waste 

At the sandstone ledges which we first visited we saw not 
only that the rocks were crumbling away, but also that grains 
and fragments of them were creeping down the slopes of the 
valley to the stream and were carried by it onward toward the sea 
This process is going on everywhere. Slowly it may be, and 
with many interruptions, but surely, the wiiste of the land moves 
downward to tlie sea. We mav divide its course into two 
parts, — the patli to the stream, whicli we will now consider, 
and its carriage onward by the stream, which we will defer to 
a later chapter. 

Gravity. The cliief agent concerned in the movement of 
waste is gravity. Each particle of waste feels the unceasing 
downward pull of the eartli's mass and follows it when free to 
do so. All agencies wliicli produce waste tend to set its particles 
free and in motion, and therefore coo])erate with gravity. On 
cliffs, rocks fall when wedged off by frost or by roots of trees, 
and when detached by any other agency. On slopes of waste, 
water freezes in chinks between stones, and in pores between 



THE WORK OF THE WEATHER 23 

particles of soil, and wedges them apart. Animals and plants 
stir the waste, heat expands it, cold contracts it, the strokes of 
the raindrops drive loose particles down the slope and the wind 
lifts and lets them fall. Of all these movements, gravity assists 
those which are downhill and retards those which are uphill. 
On the whole, therefore, the downhill movements prevail, and 
the mantle of waste, block by block and grain by grain, creeps 
along the downhill path. 

A slab of sandstone laid on another of the same kind at an angle of 
17° and left in the open air was found to creep down the slope at 
the rate of a little more than a millimeter a month. Explain why it 
did so. 

Rain. The most efficient agent in the carriage of waste to 
the streams is the rain. It moves particles of soil by the force 
of the blows of the falling drops, and washes them down all 
slopes to within reach of permanent streams. On surfaces unpro- 
tected by vegetation, as on plowed fields and in arid regions, 
the rain wears furrows and gullies both in the mantle of waste 
and in exposures of unaltered rock (Fig. 17). 

At the foot of a hill we may find that the soil has accumulated by creep 
and wash to the depth of several feet ; while where the liillside is steepest 
the soil may be exceedingly thin, or quite absent, because removed 
about as fast as fowned. Against the walls of an abbey built on a slope 
in Wales seven hundred years ago, the creeping waste has gathered on the 
uphill side to a depth of seven feet. The slow-flowing sheet of waste is 
often dammed by fences and walls, whose uphill side gathers waste in a 
few years so as to show a distinctly higher surface than the downhill 
side, especially in plowed fields where the movement is least checked 
by vegetation. 

Talus. At the foot of cliffs there is usually to be found a 
slope of rock fragments which clearly have fallen from above 
(Fig. 8). Such a heap of waste is known as talus. The amount 
of talus in any place depends both on the rate of its formation 
and the rate of its removal. Talus forms rapidly in climates 
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where mechanical disintegration is most eif ective, where rocks 
are readily broken into blocks because closely jointed and 
thinly bedded rather than massive, and where they are firm 
enough to be detached in fragments of some size instead of in 
fine grains. Talus is removed slowly where it decays slowly, 
either because of the climate or the resistance of the rock. It 
may be rapidly removed by a stream flowing along its base. 

In a moist climate a soluble rock, such as massive limestone, 
may form talus little if any faster than the talus weathers away. 
A loose-textured sandstone breaks dcjw^n into incoherent sand 
grains, which in dry cKmates, where unprotected by vegetation, 
may be blown away as fast as they fall, leaving the cliff bare to 
the base. Cliffs of such slow-decaying rocks as quartzite and 
granite when closely jointed accumulate talus in large amounts. 

Talus slopes may be so steep as to reach the angle of repose, 
Le. the steepest angle at which the material will he. This 
angle varies with different materials, being greater with coarse 
and angular fragments than with fine rounded grains. Sooner 
or later a talus reaches that ef^uililaium where the amount 
removed from its surface just equals that supplied from the 
cliff above. As the talus is removed and 
weathers away its slope retreats together 
with the retreat of the cliff, as seen in 
Figure 9. 

Graded slopes. Where rocks weather Fig. a Diagram iliustrat- 
faster than their waste is carried away, "^^ Retreat of Cliff, c, 

•.^ and Talus, t 

the waste comes at last to cover all rocky 

ledges. On the steeper slopes it is coarser and in more rapid 
movement than on slopes more gentle, but mountain sides and 
hills And plains alike come to Ije mantled with sheets of waste 
which everywhere is creeping toward the streams. Such un- 
])roken slopes, worn or built to the least inclination at wliich 
the waste supplied by weatheiing can be urged onward, are 
known as graded slopes. 
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Of far less importance than the silent, gradual creep of waste, 
whicli is goijig on at all times everywliei-e about us, are the 
atartliiig local and spaamudic raoveiueiits which we are now to 
deaciilie. 

Avalanches. On steep mountain Hides the accumulated snows 
of wiiilcr ofu-ii ylip and slide in avalmiL'hes to the valleys below. 




ilidp, Quebec 



Tliese rushing torrents of snow sweep their tracks clean of 
waste and are one of Nature's normal mt^tlioda of moving it 
along the downhill jjath. 

Landslides. Another common and abrupt uiethod of deliver- 
ing waste to streams is by slips of the waste mantle in large 
masses. After long rains and after winter frosts the cohesion 
between the waste and the sound rock beneath ia loosened by 
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seeping water underground. The waste slips on the rock sur- 
face thus lubricated and plunges down the mountain side in a 
swift roaring torrent of mud and stones. 

We may conveniently mention here a second type of land- 
slide, where masses of solid rock as well as the mantle of waste 
are involved in the sudden movement. 
Such slips occur when valleys have 
been rapidly deepened by streams or 
glaciers and their sides have not yet 
been graded. A favorable condition ^ ,, ,^. .„ . .- 

*=» ^ ^ J. /. . T ^'^- 11- Diagram illustrating 

IS where the strata dip (lC. mcluie conditions favorable to a 

downwards) towards the valley (Fig. Landslide 

11), or are broken by joint planes im, limestone dipping toward 

dipping in the same direction. The >^aiiey of river, r; .A, shale 

upper layers, including perhaps the entire mountain side, have 
been cut across by the valley trench and are left supported only 
on the inclined surface of the underlying rocks. Water may 
percolate undergroimd along this surface and loosen the cohesion 
between the upper and the underlying strata by converting the 
upper surface of a shale to soft wet clay, by dissolving layers 
of a limestone, or by removing the cement of a sandstone and 
converting it into loose sand. Wlien the inclined surface is 
thus lubricated the overlying masses may be launched into the 
valley oelow. The solid rocks are broken and crushed in slid- 
ing and converted into waste consisting, like that of talus, 
of angular unsorted fragments, blocks of all sizes being min- 
gled pellmell with rock meal and dust. The principal effects of 
landslides may be gathered from the following examples. 

At Grohna, India, in 1893, the face of a spur four thousand feet high, 
of the lower ranges of the Himalayas, slipped into the gorge of the 
headwaters of the Ganges River in successive rock falls which lasted for 
three days. Blocks of stone were projected for a mile, and clouds of 
Umestone dust were spread over the surrounding country. The debris 
formed a dam one thousand feet high, extending for two miles along the 
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valley. A lake gathered behind tliis barrier, gradually rising uiitil it 
verlJjpped it in a little leas than a yetir. The ujiper portion of th« 
am then broke, and a terrific rush of water swept down the valley in n 
ravewhich, twenty miles away, rose one hundred and sixty feet in height 
L narrow lake is still held by the strong base of the dam. 
In ISOG, after forty days of incessant rain, a cHfT of sandstone slipped 
into the YaDgtse River in China, reducing the width of the channel lo 
eighty yarda and causing formidable rapids. 

At Fliins, in Switzerland, a prehistoric^ landslip flung a dam eighteen 
hundred feet high aiTosa the lieadwatcrs of the Rhine. If epread 
evenly over a surtate of t«enlj->-iglit siiuarfi miles, the material would 
coyer it to a depth of six 
hundred and sixty feet 
Tlie liarrier is not yet en 
t rely cut away and leveral 
Ink s are held n shallow 
a mmocky 
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In lofty mountain ranges thei"o may not be a single valley witllDUt 

its traces of landslides, bo common there is this method of the movemuit 

of waste, and of building to grade over-attepened wlopes. 

Rock Sculpture by Weathering 
We are now to consider a few of the forms into which rock 
masses are can'ed by the weather. 

Bowlders of weathering. Iii many quarries and outcrops we 
, juay see tliat the blocks ijitu which one or moi* of the uppermost 
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layers have beeu brokeii aloiig theii' 
joints and bedding planes are no 
longer angular, as are tliose of the 
layers Iwlow, Tlie edges and corners 
of theae blijcks have been worn away 
by the weather. Sucli I'ounded cores, 
known as .bowlders of weathering, 
are often left to strew the surface. 

Differential weathering. This 
term covers all cases in which a rock 
maaa weathers diffei-ently in differ- 
ent portions. Any weaker spots or 
layers are etched out on the surface, 
in relief. Thus massive limeitones become pitted 




m^fl^i 



Fig, 14. Honey com bed Li:u(.!Mtuiit, luwa 
weather drills out the weaker portions. In these pits, when 
once they are formed, moisture gathers, a little soil collects, 
Testation takes root, and thus they are further enlarged until 
tfjAj^iSstoue may be deeply honeycombed. 
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On the sides of canyons, aiid elsewhere where the edges of 
strata are exposeil, the liarder layers project as cliffs, while 
the softer weather back to slopes covered with the talus of the 
harder layers above them. It is convenient to call the former 
'■hj' makers and the latter slope makers (Fig. 15). 

TMlfereutial weathering plays a large part in the sculpture 
tif the land. Ai'eas of weak rock ai« wasted to plains, while 
areas of hai-d rack adjacent are still left as hills and mountain 
ridges, as in the valleys and mountains of eastern Pennsylvania. 
Hut in such instances the lowering of the surface of the weaker 




ruck is also due to the wear of streams, and especially to the 
removal by them fi-om the land of the waste which covers and 
protects the rocks beneath, 

Rocka owe their weakneaa to several different oauses. Some, Huoh as 
beds of loose tiand, are soft and easily worn by rains ; some, as lime- 
stone and gypBHin for example, are soluble. Even hard insoluble rocka 
are weak under the attack of the weather when they are closely divided 
by joints and bedding planes and are thus readily broken up into blocks 
by mechanical agencies. 

Outliers and monuments. As cliffs retrent under the attack 
of the weather, piirtions are left V>ehiud where the rock is 
more resistant or where the attack for any reason is le^s severe. 
Such remnant masses, if large, are known as outUers. When 
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8ati-topped, because of tlie protection of a resistant horizontal i 
capping layer, they are termed mestts (Fij;. 16), — -a term applied 
alsi> to the flat^-topped portions of dissected plateaus (Fig. 129). \ 
Eetreatiug cliffs may fall back a numlier of miles behind their | 
outliers before the latter are finally ciinsumed. 

Monuments are smaller masBca and may be but partially i 
detached from the cliff face. In the brealdi^ down of sheets I 
of horizontal sttata, outhera gixtw smaller and smaller and are I 
reduced to massive rectan^oilar monuments resemhhng castles 
(Fig. 17). The rock castle falls 
intii ruin, leaving hcva anil theru 
an isolated tower ; the U iwer 
crumbles to a lonely pillar, soun 
to be overthrown. Tbe various 
and often picturesque aha})es of 
monuments depend on the kind 
of rock, the attitude of tlio 
.strata, and the agent hy wliidi 
they are chiefly carved. Thn 
pillare may have a capital formri i 
of a resistant stratum. Monu- 
ments may be imdei-cut and Kn-. 18. rrKl.T<:iitMoimin«iits, 
come to rest on narrow pedes- 
tals, wherever they weather more rapidly near the ground, either 
because of the greater moisture there, or — in arid climates — 
because worn at their base by drifting sands. 

Stony clays disiiitegratiiig under the rain often contain bowldera 
which protect the wiifter material beneath from the vertical blows of 
raindrops, and thiia come tu stand on pedestals of some height 
(Fig. 19). One may sometimes see on the ground beneath dripping eaves 
pebbles left in tbe aan:e way. protecting tiny pedestals of sand. 

Hountain peaks and ridges. Most mountains have been carved 
(lilt of gniat broadly uphftud fohls and blocks of the earth's 
cruaL Euiming water and glacier ice have cut these folds and 
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blocks into masses divided by deep valleys ; but it is by the 
weather, for the most part, that the inaases thus separatM have 
been sculptiii-ed to the present forms of the individual peaks 
aud ridges. 

Frcffit and heat aud cold sculpture 
high mountains to sharp, tusklike 
poaks and ragged, serrate crests, 
wlieie tlieir waste is readily removed 
(Fig. 8). 

Tlie Mutt«rhorQ of tlie Alps ia a fa- 
mous esaiiipleof a mountain peak wfaoee 
carving by tilt frost and other agentB ia 
in active progress. Un ita face >' scarcely 
a rock anywhere is firmly attached," And 
the fall of tooaened stoiieH is inceBsant. 
Mountain climbera wlio have cMnped It 
its baas tell how inige rocka itffh tiiie 
to time come leaping down itw precipices, 
followed by trains of dislodged, smaller 
fragments and rock dust; and how at 
night one may trace the conrse of tlie 
bowlders by the sparks which tliey strike 
from the mountain walla. Mount Awini- 
boine, Canada (Fig. 20), resembles tie 
Matterhom in form and has been oarred 
by the same agencies. 

? Needles "^of Ariieona are ei- 

of sharp mountain peaks la a 

rid region sculptured chiefly by 

temperature chanj^a. 

vhen earriorl on lieneath a cover of waele 

of rounded knobs and dome-shaped 




An erosion pillar 70 feet high. 
How was it produced? Why 
quadrangular? What dwH It amples 
■how aa to the rscent lielght of warm 
the billBJde eurfaco ? 



Chemical decay, especially 
and vegetation, favors the productio 
mountains. 



The weather curve. We have seen that weathering reduces 
the angular block quarried by the frost to it rounded bowlder by 
chipping off its corners and smoothing away its edges. In mutik t 




^ s..uli,l. 



IpV the Wi-iiLiier Ui Mitviiyu 
of their life Mstory they 



down to rounded hills (Fiff. 182). Tlie weather curve, 
ft'liidi may be seen on the sunuiuta of low bills (Fig. 21), is 
i wavex upward. 
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In Figure 22, repreKeutitig u cubic lilotk of xltine whose faces are a 
yard square, how many square feet of surface are exposed to the 
weather by a cubic foot ut a corner a ; by one situated in the middle 
of an edge b; by one in tlie ueiiter of a side c? IIow much faster 
will a and b weather than c, and what will be the effect on the shape of 
the block? 



y 



Tlie cooperation of various agencies in rock sculpture. For 
the sake of clearness it is iiecessaiy to deacribe the work of each 
geological agent separately. We must not forget, however, that 
in Nature no agent works independently and alone; that every 
result is the outcome of a long chniu of causes. Thua, in order 
tliiit the mountiiiu peak may be carved ly 
llie agents of disintegration, the waste Ufld; 
I)e rapidly removed, — a work done by VUKJ 
agents, iueluduig some which we are y«t-to 
Htudy ; and iu order that the waste may be 
reinovetl as fast as formed, the r^on most 
'"" ■" lirwt have iHion raised well above the levdof 

the sea, so that the aguiitM of transportation eouM do their woric 
effectively. The sculpture of the locks is accomplished only by 
the cooperation of luiuiy forces. 

The constant removal of wa.'^te from the surface by creep 
and wash and cari'iage by Mtruams is of the highest impo> 
tance, because it allows the destniction of the laud by means of 
weatheiing to go on as long as any land remains above sea 
level. If waste were not i-emoved, it would grow to be so thick , 
as to protect the rock hcneatli from further weathering, and 
the processes of destruction which wo have studied would lie 
brought to an end. The very presence of the mantle of waste 
over the land provcK that on the whole rocks weather more 
rapidly than their wiiMfce is i-emoved. The destruction of the 
land is going on as fast an the waste can be carried away. 

"We have now learned to see in the mantle of waste the 
record of the destructive action of the agendes of weatJiering 
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on the rocks of the land surface. Similar records we shall find 
buried deeply among the rocks of the crust in old soils and in 
rocks pitted and decayed, telling of old land surfaces long 
wasted by the weather. Ever since the dry land appeared these 
agencies have been as now quietly and unceasingly at work 
upon it, and have ever been the chief means of the destruction 




Fiii. 23. Mnuiit Sneffels, Colorado 



Dnuribe and account for what ytiii see in Cliis view. What changes ma; 
the mountain be expected to uDdergo in tbe fature Irom the agencies 
now at work upon It 7 

of its rocks. The vast hulk of the stratified rocks of the earth's 
crust is made np almost wholly of the waste thus worn from 
ancient lands. 

In studying the various geological agencies we must remem- 
ber the almost inconceivable times m which they work. The 
slowest process when multiplied by the immense time in which 
it ifi carried on pnxluces great results. The geologist looks upon 
the land forms of the earth's surface as monuments which 
record the slow action of weathering and other agents during 
the ages of the past. The mountain peak, the rounded hill, the 
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wide plain which lies where hills aiid mountains once stood, 
tell clearly of the great results which slow processes wUl reach 
when given long time in which to do their work. We should 
accustom ourselves also to think of the results which weather- 
ing will sooner or later bring to pass. The tombstone and the 
bowlder of tlie tield, which each year lose from their surfaces 
a few crystalline grains, must in time be wholly destroyed. 
The hill whose rocks ai*e slowly rotting underneath a cover of 
waste must become lower and lower as the centuries and mil- 
lenniums come and go, and will finally disappear. Even the 
mountains are crumbling away continually, and therefore are 
but fleeting features of the landscape. 



CHAPTER II 
THE WORK OF GROUND WATER 

Land waters. We have seen how large is the part that water 
plays at and near the surface of the land in the processes of 
weathering and in the slow movement of waste down all 
slopes to the stream ways. We now take up the work of water 
as it descends beneath the ground, — a corrosive agent still, 
and carrying in solution as its load the invisible waste of rocks 
derived from .their soluble parts. 

Land waters have their immediate, source in the rainfall. 
By the heat of the sun water is evaporated from tlie reservoir 
of the ocean and from moist surfaces everywhere. Mingled as 
vapor with the air, it is carried by the winds over sea and land, 
and condensed it returns to the earth as rain or snow. That 
part of the rainfall which descends on the ocean does not con- 
cern us, but that which falls on the land accomplishes, as it 
returns to the sea, the most important work of all surface 
geological agencies. 

The rainfall may be divided into three parts : the first dries 
up, being discharged into the air by evaporation either directly 
from the soil or through vegetation ; the second runs off over 
the surface to flood the streams ; the tliird soaks in the ground 
and is henceforth known as ground or underground water. 

The descent of ground water. Seeping througli the mantle 

of waste, ground water soaks into the pores and crevices of 

the underlying rock. All rocks of the upper crust of the earth 

are more or less porous, and all drink in water. Imiiervioiis 

rocfe,'such as granite, clay, and shale, have pores so minute 

that the water which they take in is held fast within them by 

39 
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capillary attraction, aud none drains through. Pervious rockSy 
on the other hand, such as many sandstones, have pore spaces 
so large that water filters through them more or less freely. 
Besides its seepage through the pores of pervious rocks, water 
passes to lower levels through the joints and cracks by which 
all rocks near the surface are broken. 

Even the closest-grained granite has a pore space of 1 in 400, while 
sandstone may have a pore space of 1 in 4. Sand is so porous that it 
may absorb a third of its volumo of water, and a loose loam even as 
much as one half. 

The ground-water surface is the name given the upper surface 
of ground water, the level below which all rocks are saturated. 
In dry seasons the ground-water surface sinks. For groimd 

water is constantly 
seeping downward 
imder gravity, it is 
evaporated in the 

Fig. 24. Diagram illustrating the Relation of the waste and its mois- 
G round- Water Surface to the Surface of the , . . , 

Ground '^"'^ ^ <^"l«i "I^ 

The dotted line represents the ground-water surface, J r J 

and arrows indicate the direction of the movements and the rOOtS of 
of ground water, m, marsh ; w, well ; r, river pj^^^g ^^ ^j^^ ^^^^^ 

to be evaporated in the air. In wet seasons these constant 
losses are more than made good by fresh supplies from that 
part of the rainfall which soaks into the ground, and the ground- 
water surface rises. 

In moist climates the ground-water surface (Fig. 24) lies, as 
a rule, within a few feet of the land surface and conforms to 
it in a general way, although with slopes of less inclination 
than those of the hills and valleys. In dry climates permanent 
ground water may be found only at depths of hundreds of feet. 
Ground water is held at its height by the fact that its circula- 
tion is constantly impeded by capillarity and friction. If it 
were as free to drain away as are surface streams, it would 
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sink soon after a raiu to the ItJVL^l of tlie deepest valleya of 
the region. 

Wells and springs. Excavations made iii permeahle rocks 
helow the gi'ound-water surface till to its level and are known 
as wells. WTiere valleys cut tliis surface permanent streams are 
formed, the water either oozuig t'oith alonjf iU-detined areas or 
issuing at definite points called s[iiiiijfw, whci'ti it is concentrated 
hy tho structure of the 
rocks. A level tract 
where the ground-watei' 
surface coiucides with 
the surface of thi' 
ground is a swamp ni 
marsh. 

By studying a spriiii; 
oue may learn much uf 
the ways and work of 
ground water. Spring 
water differs from that 
of the stream into 
which it flows iii several 
respects. If we test tlic 
spring with a ther- 
mometer during succes- 
sive months, we shall find that its temperature remains much 
the same the year round. In summer it is markedly cooler than 
the stream ; in winter it is warmer and remains unfrozen wliile 
the latter perhaps ia locked m ice. This means that its under- 
tipmnd path must lie at such a distance from the surface that 
it is httle affected by summer's heat and winter's cold. 

Wliile the stream is often turbid with surface waste washed 
into it by rams, the spring remains clear; its water has been 
filtered during its alow movement through many small under- 
ground passages and the pores of rocks. Commonly the spring 




ft Spring, Kansaja 



42 THE ELEMENTS OF GEOLOGY 

differs from the stream in that it carries a far larger load of 
dissolved rock. Chemical analysis proves that streams contam 
various minerals in solution, but these are usually in quantities 
so small that they are not perceptible to the taste or feeL But 
the water of springs is often well charged with soluble minerals ; 
in its slow, long journey underground it has searched out the sol- 
uble parts of the rocks through wliich it seeps and has dissolved 
as much of them as it could. Wlien spring water is boiled away, 
the invisible load which it has carried is left behind, and in 
composition is found to be practically identical with that of 
the soluble ingredients of the country rock. Although to some 
extent the soluble waste of rocks is washed down surface slopes 
by the rain, by far the larger part is carried downward by 
ground water and is delivered to streams by springs. 

In limestone regions springs are charged with calcium carbonate (the 
carbonate of lime), and where the limestone is magnesian they contain 
magnesium carbonate also. Such waters are *' hard "; when used in wash- 
ing, the minerals which they contain combine with the fatty acids of 
soap to form insoluble curdy compounds. When springs rise from rocks 
containing gypsum they are hard with calcium sulphate. In granite 
regions they contain more or less soda and potash from the decay of 
feldspar. 

The flow of springs varies much less during the different 
seasons of the year tlian does that of surface streams. So slow 
is the movement of ground water through the rocks that even 
during long droughts large amounts remain stored above the 
levels of surface drainage. 

Movements of ground water. Ground water is in constant 
movement toward its outlets. Its rate varies according to many 
conditions, but always is extremely slow. Even through loose 
sands beneath the beds of rivers it sometimes does not exceed 
a fifth of a mile a year. 

In any region two zones of flow may be distinguished. The 
upjyer zone of jioio extends from the ground-water surface 
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downward through the waste mantle and any permeable rocks 
on which the mantle rests, as far as the first impermeable layer, 
where the descending movement of the water is stopped. The 
deep zones of flow 
occupy any pervi- 
ous rocks which 
may be found be- 
low the impervious 
layer which lies 
nearest to the sur- 
face. The upper 
zone is a vast sheet 
of water saturating 
the soil and rocks and slowly seeping downward through their 
pores and interstices along the slopes to the valleys, where in 
part it discharges in springs and often unites also in a wide 
underflowing stream which supports and feeds the river (Fig. 24). 

a h 



Fig. 26. Geological Conditions favorable to 
Strong Springs 

a, limestone; 6, shale; c, coarse sandstone; df, lime- 
stone ; e, sandstone ; /, fissure. The strata dip toward 
the south, S. Redraw the diagram, marking the points 
at which strong springs {ss) may be expected 




Fig. 28 
Fig. 27 

Fig. 27. Diagram of Well which goes dry in Drought, a, and of Unfailing 

Well, b 

Redraw the diagram, showing by dotted line the normal ground-water surface 
and by broken line the ground-water surface at times of drought 

Fig. 28. Diagram of Wet Weather Stream, a, and of Permanent Stream, h 
Redraw the diagram, showing ground-water surface by dotted line 

A city in a region of copious rains, built on the narrow flood plain 
of a river, overlooked by hills, depends for its water supply on driven 
wells, within the city limits, sunk in the sand a few yards from the edge 
of the stream. Are these wells fed by water from the river percolating 
through the sand, or by ground water on its ^vay to W\e «\xfe^\£L wcv^ 
possibly contaminated with the sewage of the town*^ 
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At what height does underground water stand in the wells of your 
region ? Does it vary with the season ? Have you ever known wells to 
go dry ? It may be possible to get data from different wells and to draw 
a diagram showing the ground-water surface as compared with the sur- 
face of the ground. 

Fissure springs and artesian wells. The deeper zones of flow 
lie in pervious strata which are overlain by some impervious 
stratum. Such layers are often carried by their dip to great 
depths, and water may circulate in them to far below the level 
of the surface streams and even of the sea. When a fissure 
crosses a water-bearing stratum, or aquifer^ water is forced 




Fig. 29. Section across South Dakota from the Black Hills to Sioux 
Falls (S), illiLstrating the Conditions of Artesian Wells 

a, crystalline impervious rocks; 6, sedimentary rocks, shales, limestones, 
and sandstones; c, pervious sandstone, the aquifer; d, impervious 
shales; lo, w, w, artesian wells 

upward by the pressure of the weight of the water contained in 
the higher parts of tlie stratum, and may reach the surface as a 
fissure spring. A boring which taps such an aquifer is known 
as an artesian well, a name derived from a province in France 
where wells of this kind have been long in use. The rise of 
the water in artesian wells, and in fissure springs also, depends 
on the following conditions illustrated in Figure 29. The aquifer 
dips toward the region of the wells from higher ground, where 
it outcrops and receives its water. It is inclosed between an 
impervious layer above and water-tight or water-logged layers 
beneath. The weight of the column of water thus inclosed in 
the aquifer causes water to rise in the well, precisely as the 
weight of the water in a standpipe forces it in connected pipes 
to the upper stories of buildings. 
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Which will supply the liirger region with artesian wells, an aquifer 
whose dip b steep or one whose dip is gentle? Wliicli of the two 
aquifers, their tbtcknesB being equal, will have the larger outcrop and 
therefore be able to draw upon the larger smount of water from the 
rainfall? Illustrate with diagrams. 

The zone of solution. Near the surface, where the circulation 
of ground water is most active, it oxidizes corrodes and dissolves 
the rocks through which it passes It leaches soils and subsoils 
of their lime and other soluble minerals upon which plants 
depend for their food It takes iwi\ the soluble cements of 
rocks it widens fissures and joints and opens wmdmg j 




Fi 30 Diagram )f Taverii'! and Sink Holes 
along the bedding planes it maj even remo\e whole beds of 
soluble rocks such as rock salt limestone or g>i>suni. The 
work of ground witer m produemg landslides has already been 
noticed- The zone in which the work of ground water is thus 
for the most part destructive we may call the zone of solution. 
Caves In missive limestone rocks ground water dissolves 
channels which sometimes form large caves (Fig 30). The 
necessary conditions for the excavation of caves of great size 
are well shown in central Kentucky, where an upland is built 
throughout of thick horizontal beds of limestone. The absence 
of layers of insoluble or impervious rock in its structure allows 
a free circulation of ground water within it by the way of all 
natural openings in the rock, Tliese water ways have been gradu- 
ally enlarged by solution and wear uutU the upland is honey- 
combed with caves. Five hundred open caverns are known in 
one county. 
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Mammuth Cave, the largest of these caverns, consists of a labyrinth 
of oliaiiilHjrs unrl niuding galleries whose total length is said to be 
a much as thirty miles. One passage four miles loQg lias an average 
width of about ainty feet and an average height of forty feet. One of 
the great balls is tbree hundred feet in width and is overhung by a 
■olid aruh of limestone one hundred feet above the floor. Galleries at 
different levels are connected by well-like pits, some of which measure 
two hundred and twenty-five feet from top to bottom. Through some of 
the lowest of tliese tunnels flows Echo River, still at work dissolving 
and wearing away the rock while on its dark way to appear at the 
Biirfftco an a great spring. 

Natural bridges. As a cavern eularges aud the surface of the 
laud alwve it is lowered by weathering, the rooE at last breaks 
down aud the cave becomes au oj^eu ravina A portiou of tlie 
roof may for a while remain, formiug a " uatural bridge." 

Sink boles. In limestone regions channels under ground may 
become so well developed that the water of rains rapidly draius 
away through them. 
(-1 round water 
stands lowand wells 
must be sunk deep 
to find it. Little tir 
iin surface water is 
left to form brooks. 



Tbua across the 
iimeatflne upland of 
central Kentucky one 
mei'ts hut three sui^ 
face streams in & 
water finds its way undei^ 
■e pits, cominonly funnel 
joint by percolating 




hundred miles. Between their vrIIpjh surfai 

ground by means of sink holes. These 

shaped, formed by the enlargement of crei 

■water, or by the breakdown of some portion of the roof of j 

clogging of the outlet a sink hole may come to be filled by a pond. 

Central Florida is a limestone region with its drainage largely sub- 
terranean and in part below the level even of the sea. Sink holes are 
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commOD, and man; o£ them are occupied by lakelets. Great epringB 
mark the point of issue of anderground streams, while scime rise froni 
beneath the sea. Silver Spring, one of the largest, discliarges from a 
baain eight hundred feet wide and thirty feet deep a little river navi- 
gable for small steamers to its source. About the spring there are no 
surface streams for sixty miles. 

The Earat. Along the eastern coast of the Adriatic, lis fur south as 
Montenegro, lies a belt of limestoue muuutaiNs siiigulaily worn and 
honeycombed by the aol- 

Where forests have been 
cut from the mountain 
sides and the red soil has 
washed away, the surface 
of the white limestone 
forms a pathless desert of 
I'oek where each square rod 
has been corroded into an 
iutricate branch work of 
shallow furrows and sharp 
ridges. Great sink holes, 
some of them sis hundred 
feet deep ami more, pock- 
mark the surface of the 
land. The drainage is 
chiefly subterranean. Sur- 
face streams are rare ainl 
a portion of their couisi-s 
is often under ground. 
Fragmentary valleys come 
suddenly to an end at wails 
of rook where the rivers which occupy tlie valleys plunge into dark 
tunnels to reappear some miles away. GrDund water stands so far 
below the surface that it cannot be reached by wells, and the inhabi- 
tants depend on rain water stored for household uses. The finest 
cavern of Europe, the Adelaberg Grotto, is in thia region, Karsl, the 
Dame of a part of this country, is now used to designate any region 
or landscape thus sculptured by the chemical action of surface and 
groond ynier. Wo most remember that Karst regions ai'e rare, and 







48 



THE ELEMENTS OF GEOLOGT 



Btriking as ia the work of their Bubterraneaa Htreams. it is far less 
niportaut than the work done b; the aheeta of uDiJerground wnAer 
slctwly seeping through all subsoils and porous rocks in otlier regions. 
Eveu when gathered into definite channels, ground wat«r does not ba,ie 
he eroaive power of surface streams, since it carries with it little or no 
ock waste. Kegiona whose underground drainage is so perfect that the 
development of surface Btreams has been retarded or prevented escape 
to a large e^ttent the leveling action of surface running waters, and may 
therefore stand higlmr than the surrounding country. The hill honey- 
combed by Luray Cavern, Virginia, has been attributed to tliia cause. 

Cavem deposits. Even in the zone of solution water may under 
'I'l-kiiii ciiriiiustaiLces {lL']>usit as well as eroile. As it trickles 
from the roof 
uf L'averns, the 
liuie c-arlionatK 
which it hafl 
tnken into .so- 
lution from the 
layers of lime- 
stone above is 
lieposited by 
evaporation in 
the air in icicl&- 
like pendante 
called stalac- 
tites. Aa the 
drops splash on 
the floor there 

are built up in the same vray thicker masse,s called stalagmites, 
which may grow to join the stalactites alx)ve, forming pUlara. 
A stalagmitic crust often seals with rock the earth which 
accumulates in caverns, together with whatever relics of cave 
dwellers, either animals or men, it may contain. 

Can you explain why slender Htalactitea formed by the drip of single 
drops are oft«n hollow pipes V 
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The zone of cementation. With increasing depth subterranean 
water becomes more and more sluggish in its movements and 
more and more highly charged with minerals dissolved from 
the rocks above. At such depths it deposits these minerals in 
the pores of rocks, cementing their grains together, and in 
crevices and fissures, forming mineral veins. Thus below the 
zone of solution where the work of water is to dissolve, lies the 
zone of cementation where its work is chemical deposit. A part 
of the invisible load of waste is thus transferred from rocks 
near the surface to those at greater depths. 

As the land surface is gradually lowered by weathering and 
the work of rain and streams, rocks which have lain deep within 
the zone of cementation are brought within the zone of solution. 
Thus there are exposed to view limestones, whose cracks were 
filled with calcite (crystallized carbonate of lime), with quartz or 
other minerals, and sandstones whose grains were well cemented 
many feet below the surface. 

Cavity filling. Small cavities in the rocks are often found more or 
less completely filled with minerals deposited from solution by water in 
its constant circulation underground. The process may be illustrated 
by the deposit of salt crystals in a cup of evaporating brine, but in the 
latter instance the solution is not renewed as in the case of cavities in 
the rocks. A cavity thus lined with inward-pointing crystals is called 
a geode. 

Concretions. Ground water seeping through the pores of rocks may 
gather minerals disseminated throughout them into nodular masses 
called concretions. Thus silica disseminated through limestone is 
gathered into nodules of flint. While geodes grow from the outside 
inwards, concretions grow outwards from the center. Nor are they 
formed in already existing cavities as are geodes. In soft clays con- 
cretions may, as they grow, press the clay aside. In many other rocks 
concretions are made by the process of replacement. Molecule by mole- 
cule the rock is removed and the mineral of the concretion substituted 
in its place. The concretion may in this way preserve intact the lami- 
nation lines or other structures of the rock. Clays and shales often 
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contain concretions of ]ime carbonate, of iron carbonate, r 
Bulphide. Some fossil, siith as a leiif or shell, frequently forms the 
nucleus arouud wiiich the concretion growa. 

Why are building stonea more easily worked when "green" than 
after their quarry water haa dried out? 

Deposits of ground water in arid regions. In arid lands where 
gi-duiid wattr in dniwu by capillariLy to the surface and there 
e\'iiporates, it leaves as 
surface incrustations the 
minerals held in solutioa 
"Wliite limy incrnata- 
I imiM (if this nature cover 
I'Misiiiurabie tracts 
■ i; LiorLherii Mexico. 
I',\ .i|inriiliiig iie.ueaththe 
uiluof. ground water 
liiuy deposit a limy 
cement in beds of Iqoae 
sinid and gravel. Such 
hrmly cemented layers 
are not uncommon in western Kansas and Nebraska, where 
they are known as "mortar beds." 

Thermal springs. While the lower limit of surface drainage is 
sea level, subterranean water circulates much below that depth, 
and is brought again to the surface by hydrostatic pressure. In 
many instances spruigs have a higher temperature than the 
average annual temperature of the region, and are then known 
as thermal springs. In regions of pi'esent or recent volcanic 
activity, such as the Yellowstone National Park, we may believe 
that the heat of thermal springs is derived from nncooled lava£, 
perhaps not far below the surface. But when hot springs occur 
at a distance of hundreds of miles from any volcano, as in the 
ease of the hot springs of Bath, England, it is probable that 
their waters have risen from the heat«d rocks of the eari^'a 
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interior. The springs of Bath have a temperature of 120° F., 
70° above the average annual temperature of the place. If we 
assume that the rate of increase in the earth's internal heat is 
here the average rate, 1° F. to every sixty feet of descent, we 
• may conclude that the springs of Bath lise from at least a depth 
of foi-ty-two hundred feet. 

Water may descend to depths from which it can never he 
hrought back by hydrostatic pressure. It is ahsorlted by h^hly 
heated rocks deep below the surface. From time to time some 
of this deep-seated water may lie returned to oj«u air in the 
steam of volcanic eruptions. 




Surface deposits of springs. Wliere subteiTanean water re- 
turns tfj the siirface highly cliai^d with minerals in solution, on 
exposure to the air it is commonly compelled to lay down much 
of its invisible load in chemical deposits about the spring. These 
are thrown down from solution either because of cooling, evap- 
, oration, the loss of carbon dioxide, or the work of algw. 

Many springs have been charged under pi'essure with carbon 
dioxide from subterranean sources and are able therefore to 
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take up large quantities of lime carbonate from the limestone 
rocks through which they pass. On reaching the surface the 
pressure is relieved, the gas escapes, and the lime carbonate is 
thrown down in deposits called travertine. The gas is some- 
times withdrawn and the deposit produced in large part by the 
action of algae and other humble forms of plant life. 

At the Mammoth Hot Springs in the valley of the Gardiner River, 
Yellowstone National Park, beautiful terraces and basins of travertine 
(Fig. 35) are now building, chiefly by means of algae which cover the 
bottoms, rims, and sides of the basins and deposit lime carbonate upon 
them in successive sheets. The rock, snow-white where dry, is coated 
with red and orange gelatinous mats where the algse thrive in the over- 
flowing waters. 

Similar terraces of travertine are found to a height of fourteen 
hundred feet up the valley side. We may infer that the springs which 
formed these ancient deposits discharged near what was then the bottom 
of the valley, and that as the valley has been deepened by the river the 
ground water of the region has found lower and lower points of issue. 

In many parts of the country calcareous springs occur which coat 
with lime carbonate mosses, twigs, and other objects over which their 
waters flow. Such are popularly known as petrifying springs, although 
they merely incrust the objects and do not convert them into stone. 

Snica is soluble in alkaline waters, especially when these are 
hot. Hot springs rising through alkaline siliceous rocks, such as 
lavas, often deposit silica in a white spongy formation known 
as siliceous sinter^ both by evaporation and by the action of 
algae which secrete silica froiii the waters. It is in this way that 
the cones and mounds of the geysers in the Yellowstone National 
Park and in Iceland have been formed (Fig. 234). 

Where water oozes from the earth one may sometimes see 
a rusty deposit on the ground, and perhaps an iridescent scum 
upon the water. The scum is often mistaken for oil, but at a 
touch it cracks and breaks, as oU would not do. It is a film of 
hydrated iron oxide, or limonite, and the spring iff an iron, or 
chalybeate, spring. Compounds of iron have been taken into 
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solution by ground water from soil and rocks, and are now 
changed to the insoluble oxide on exposure to the oxygen of 
the air. 

In wet ground iron compounds leached by ground water from the 
soil often collect in reddiak deposits a few feet below the surface, where 
their downward progress is arrested by some impervious clay. At the 
bottom of bogs and shallow lakes iron ores sometimes accumulate to a 
depth of several feet. 

Decaying organic matter plays a large part in these changes. In its 
presence the insoluble iron oxides which give color to most red and 
yellow rocks are decomposed, leaving the rocks of a gray or bluish color, 
and the soluble iron compounds which result are readily leached out, — 
effects seen where red or yellow clays have been bleached about some 
decaying tree root. 

The iron thus dissolved is laid down as limonite when oxidized, as 
about a chalybeate spring ; but out of contact with the air and in the 
presence of carbon dioxide supplied by decaying vegetation, as in a peat 
bog, it may be deposited as iron carbonate, or siderite. 

Total amount of underground waters. In order to realize 
the vast work in solution and cementation which underground 
waters are now doing and have done in all geological ages, 
we must gain some conception of their amount. At a certain 
depth, estimated at about six miles, the weight of the crust be- 
comes greater than the rocks can bear, and- all cavities and poyes 
in them must be completely closed by the enormous pressure 
which they sustain. Below a depth of even three or four miles 
it is believed that ground water cannot circulate. Estimating 
the average pore spaces of the different rocks of the earth's crust 
above this depth, and the average per cents of their pore spaces 
occupied by water, it has been recently computed that the total 
amount of ground water is equal to a sheet of water one hundred 
feet deep, covering the entire surface of the earth. 



CHAl^ER III 
RIVERS AND VALLEYS 

The run-off. We have traced the history of that portion of 
the rainfall which soaks into the ground ; let us now return to 
that part which washes along the surface and is known as the 
run-off. Fed by rains and melting snows, the run-ofif gathers 
into courses, perhaps but faintly marked at first, which join 
more definite and deeply cut chaimels, as twigs their stems. In 
a humid climate the larger ravines through which the rim-off 
flows soon descend below the ground-water surface. Here 
springs discharge along the sides of the little valleys and per- 
manent streams begin. The water supplied by the run-off here 
joins that part of the rainfall which had soaked uito the soil, 
and both now proceed together l)y way of the stream to the sea. 

River floods. Streams vary greatly in volume during the year. 
At stages of flood they fill their immediate banks, or overrun 
them and inundate any low lands adjacent to the channel ; at 
stages of low water they diminish to l)ut a fraction of their vol- 
ume when at flood. 

At times of flood, rivers are fed chiefly by the run-off; at 
times of low water, largely or even wholly by springs. 

How, then, will the water of streams differ at these times in tur- 
bidity and in the relative amount of solids carried in solution? 

In parts of Pingland streams have been known to continue flowing 
after eighteen months of local drought, so great is the volume of water 
which in humid climates is stored in the rocks above the drainage level, 
and so slowly is it given off in springs. 

In Illinois and the states adjacent, rivers remain low in winter and a 
" spring freshet " follows the melting of the winter's snows. A « June 
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rise " is produced by the heavy rains of early summer. Low water fol- 
lows in July and August, and streams are again swollen to a moderate 
degree under the rains of autumn. 

The discharge of streams. The per cent of rainfall discharged 
by rivers varies with the amount of rainfall, the slope of the 
drainage area, the texture of the rocks, and other factors. With 
an annual rainfall of fifty inches in an open country, about fifty 
per cent is discharged ; while with a rainfall of twenty inches 
only fifteen per cent is discharged, part of the remainder being 
evaporated and part passing underground beyond the drainage 
area. Thus the Ohio discharges thirty per cent of the rainfall of 
its basin, while the Missouri carries away but fifteen per cent. 
A number of the streams of the semi-arid lands of the West do 
not discharge more than five per cent of the rainfall. 

Other things being equal, which will afford the larger proportion of 
run-off, a region underlain with granite rock or with coarse sandstone ? 
grass land or forest ? steep slopes or level land ? a well-drained region 
or one abounding in marshes and ponds ? frozen or unfrozen ground V 
Will there be a larger proportion of run-off after long rains or after 
a season of drought ? after long and gentle rains, or after the same 
amount of precipitation in a violent rain ? during the months of grow- 
ing vegetation, from June to August, or during the autumn months ? 

Desert streams. In arid regions the ground-water surface lies 
so low that for the most part stream ways do not intersect it. 
Streams therefore are not fed by springs, 
but instead lose volume as their waters 

soak into the thirsty rocks over which ^^ 

they flow. They contribute to the ground Fig. 3G. Kiseof Ground- 
water of the region instead of being in- Water Surf ace (broken 

_, .^^. Tji-iii, li^6) beneath Valley 

creased by it. Bemg supplied chiefly by (j^) m Arid Region 
the nm-off", they wither at times of drought 
to a mere trickle of water, to a chain of pools, or go wholly 
dry, while at long intervals rains fill their dusty beds with 
sudden raging torrents. Desert rivers therefore periodically 
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shorten and lengthen their courses, withering back at times of 
drought for scores of miles, or even for a hundred miles from 
the point reached by their waters during seasons of rain. 

The geological work of streams. The work of streams is of 
three kinds, — transportation, erosion, and deposition. Streams 
transport the waste of the land ; they wear, or erode, their chan- 
nels both on bed and banks; and they deposit portions of their 
load from time to time along their courses, finally laying it 
down in the sea. Most of the work of streams is done at times 
of flood. 

Transportation 

The invisible load of streams. Of .the waste which a river 
transports we may consider first the invisible load wliich it carries 
in solution, supplied chiefly by springs but also in part by the 
run-off and from the solution of the rocks of its bed. More 
than half the dissolved solids in the water of the average river 
consists of the carbonates of lime and magnesia; other sub- 
stances are gypsum, sodium sulphate (Glauber's salts), mag- 
nesium sulphate (Epsom salts), sodium chloride (common salt), 
and even silica, the least soluble of the common rock-making 
minerals. The amount of this invisible load is surprisingly 
large. The Mississippi, for example, transports each year 113,- 
000,000 tons of dissolved rock to the Gulf. 

The visible load of streams. This consists of the silt which 
the stream carries in suspension, and the sand and gravel and 
larger stones which it pushes along its Ijed. Especially in times 
of flood one may note the muddy water, its silt being kept from 
settling by the rolling, eddying currents ; and often by placing 
his ear close to the bottom of a boat one may hear the clatter 
of pebbles as they are hurried along. In mountain torrents the 
rumble of bowlders as they clash together may be heard some 
distance away. The amount of the load which a stream can 
transport depends on its velocity. A current of two thirds of a 
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mile per hour can move fine sand, while one of four miles per 
hour sweeps along pebbles as large as hen's eggs. The trans- 
porting power of a stream varies as the sixth power of its velocity. 
If its velocity is multiplied by two, its transporting power is 
multiplied by the sixth power of two : it can now move stones 
sixty-four times as large as it could before. 

Stones weigh from two to three times as much as water, and in water 
lose the weight of the volume of water which they displace. What 
proportion, then, of their weight in air do stones lose when submerged ? 

Measurement of stream loads. To obtain the total amount of 
waste transported by a river is an important but difficult matter. 
The amount of water discharged must first be found by multi- 
plying the number of square feet in the average cross section of 
the stream by its velocity per second, giving the discharge per 
second in cubic feet. The amount of silt to a cubic foot of 
water is found by filtering samples of the water taken from 
different parts of the stream and at different times in the year, 
and drying and weighing the residues. The average amount of 
silt to the cubic foot of water, multiplied by the number of 
cubic feet of water discharged per year, gives the total load 
carried in suspension during that time. Addmg to this the 
estimated amount of sand and gravel rolled along the bed, 
which in many swift rivers greatly exceeds the lighter material 
held in suspension, and adding also the total amount of dis- 
solved solids, we reach the exceedingly important result of the 
total load of waste discharged by the river. Dividing the 
volume of this load by the area of the river basin gives 
another result of the greatest geological interest, — the rate at 
which the region is being lowered by the combined action of 
weathering and erosion, or the rate of denudation. 

The rate of denudation of river basins. This rate varies widely. 
The Mississippi basin may be taken as a representative land 
surface because of the varieties of surface, altitude and slope, 
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climate, and underlying rocks which are included in its great 
extent. Careful measurements show that the Mississippi basin 
is now being lowei-ed at a rate of one four-thousandth of a foot 
a year, or one foot in four thousand years. Taking this as the 
average rate of denudation for the land surfaces of the globe, 
estimates have been made of the length of time required at this 
rate to wash and wear the continents to the level of the sea 
As the average elevation of the lands of the globe is reckoned 
at 2411 feet, this result would occur in nine or ten million 
years, if the present rate of denudation should remain unchanged. 
But even if no movements of the earth's crust should lift or 
depress the continents, the rate of wear and the removal of 
waste from their surfaces will not remain the same. It must 
constantly decrease as the lands are worn nearer to sea level 
and their slopes become more gentle. The length of time 
required to wear them away is therefore far in excess of that 
just stated. 

The drainage area of the Potomac is 11,000 square miles. The silt 
brought down in suspension in a year would cover a square mile to the 
depth of four feet. At what rate is the Potomac basin being lowered 
from this cause alone ? 

It is estimated that the l^i>per Ganges is lowering its basin at the 
rate of one foot in 82o years, and the Po one foot in 720 years. Why 
so much faster than the Potomac and the Mississippi? 

How Streams get their loads. The load of streams is derived 
from a number of sources, the larger part being supplied by the 
weathering of valley slopes. We have noticed how the mantle 
of waste creeps and washes to the stream ways. Watching the 
run-off during a rain, as it hurries muddy with waste along the 
gutter or washes down the hillside, we may see the beginning 
of the route by which the larger part of their load is delivered 
to rivers. Streams also secure some of their load by wearing it 
from their beds and banks, — a process called erosion. 



RIVERS AND VALLEYS 



KUOSION 

Streams erode tlieir beds chiefly by means of their bottom 
load, — the stones of various sizes aud the sand and even the fine 
mud which they sweep along. With these tools they smooth, 
gnod, and rasp the rock of their beds, using them ui much the 
fashion of sandpaper or a tile. 

Weathering of river beds. The erosion of stream beds ia 
greatly helped by the wfirk of the weather. Especially at low 
water more or less of the iK'd is exposed to Llif iidioii of I'msL and 
heat and cold, joints 
are opened, rocks 
are pried loose aud 
broken upand made 
ready to be swept 
away by the stream 
at time of flood. 

Potholes. In 
rapids streams also 
drill out their rocky 
beds. Where some 
slight depression 
gives rise to an 
eddy, tlie pebbles wliicli gather in it are whirled round aud 
round, and, acting like the bit of an auger, bore nut a cylin- 
drical pit called a pothole. Potholes sometimes reach a depth 
of a score of feet. Where they are numerous they aid mate- 
rially in deepening the chanuel, as the walls between them are 
worn away and they coalesce. 

Waterfalls. One of the most eff'ective means of erosion which 
the river possesses is the waterfall. The plunging water dis- 
lodges stones from the face of the ledge over which it pours, 
and often undermines it by excavating a deep pit at its base. 
Slice after slice is thus thrown down from the front of the 
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Fig. 38. Map of the Gorge of the 
Niagara Kiver 



cliff, and the cataract cuts 
its way upstream leaving a 
gorge behind it. 

Niagara Falls. The Niag- 
ara Kiver flows from Lake 
Erie at Buffalo in a broad 
channel which it has cut but 
a few feet below the level of 
the region. Some thirteen 
miles from the outlet it 
plunges over a ledge one 
hundred and seventy feet 
high mto the head of a nar- 
row gorge which extends for 
seven miles to the escarp- 
ment of the upland in which 
the gorge is cut. The strata 
which compose the upland 
dip gently upstream and con- 
sist at top of a massive lime- 
stone, at the Falls about 
eighty feet thick, and below 
of soft and easily weathered 
shale. Beneath the Falls the 
underlying shale is cut and 
washed away by the descend- 
ing water and retreats also 
l)ecause of weathering, wliile 
the overhanging limestone 
breaks down in huge blocks 
from time to time. 



Niagara is divided by Goat Island into the Horseshoe Falls 
and the American Falls. The former is supplied by the main 
current of the river, and from the semicircular sweep of its 
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rim a sheet of water in places at least fifteen or twenty feet 
deep plunges into a pool a little less than two hundred feet in 
depth. Here the force of the falling water is sufficient to move 
about the fallen blocks, of Umestone and use them in the exca- 
vation of the shale of the bed. At the American Falls the 
lesser branch .of the river, which flows along the American 
side of Goat Island, pours over the side of the gorge and breaks 
upon a high talus of limestone blocks which its smaller volume 
of water is unable to grind to pieces and remove. 

A series of surveys have determined that from 1842 to 1890 
the Horseshoe Falls retreated at the rate of 2.18 feet per year, 
while the American Falls retreated at the rate of .64 feet in the 
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Fig. 39. Longitudinal Section of Niagara Gorge 

Black, water; JF', falls; ^, rapids; Tr,^whirlpool ; -E", escarpment; 

iV, north ; S, south 

same period. We cannot doubt that the same agency which 
is now lengthening the gorge at this rapid rate has cut it back 
its entire length of seven miles. 

While Niagara Falls have been cutting back a gorge seven 
miles long and from two hundred to three hundred feet deep, 
the river above the Falls has eroded its bed scarcely below the 
level of the upland on which it flows. Like all streams which 
are the outlets of lakes, the Niagara flows out of Lake Erie clear 
of sediment, as from a settling basin, and carries no tools with 
which to abrade its bed. We may infer from this instance how 
slight is the erosive power of clear water on hard rock. 

Assuming that the rate of recession of the combined volumes of the 
American and Horseshoe Falls was three feet a year below Goat Island, 
and assurhing that this rate has been uniform in the past, how long is it 
since the Niagara River fell over the edge of the escarpment where 
now is the mouth of the present gorge? 
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The profile of the bod of the Niagara along the gorge (Fig. 39) shows 
alternating deeps and shallows which cannot be accounted for, 
in a single instance, by the relative hardness of the rocks of tha 
l)ed. The deeps do not exceed that at the foot of the HonealuNl- 
at the ]>resent time. When the gorge was being cut along the 
how did the Falls compare in excavating power, in force, and 
with the Niagara of to-day? How did the rate of recession 
times compare with the present rate? Is the assumption madei 
that the rate, of recessiuii has been unifonn correct? '-^^^ 

The first stretch of shallows below the Falls causes a tumiilliMai 
rapid in]])ossible to sound. Its depth has been estimated at thirtyi-fiTB 
feet. From what data could such an estimate be made? 

Suggest a reason why the Horseshoe Falls are convex upstream. 

At tlie present rate of recession which will reach the head of Goat 
Island the sooner, the American or the Horseshoe Falls? What will 
be the fat<^ of the Falls left behind when the other has passed beyond 
the head (►f tlio island? 

Th(3 rate at Avhicrh a stream enxles its bed depends in part upon the 
nature of the rcxtks over which it flows. Will a stream deepen its chan- 
nel more rai>i(lly on niassiv(» or on thin-bedded and close-jointed rocks? 
on horizontal strata or on strata steeply inclined? 

Dkposition 

Wliil(» llie river carries its invisil)le load of dissolved 
without stop to the sea, its load of visible waste is siibJ6( 
many delays en route. Xow and again it is laid aside, tfiMf 
picked up later and carried some distance farther on its iMr. 
One of the most striking features of the river therefore is itiP 
waste accunuilated along its course, in bars and islands in tb0 
channel, beneath its bed, and in flood plains along its >»nlff - 
All this alluvium, to use a general term for river depoflA% 
with which the valley is cumbered is really en route to the set.; 
it is only temporarily laid asid(». to resume its journey later oil 
Constantly the rivt^r is destroyuig and rebuilding its alluvial 
deposits, here cutting and there depositing along its banks, 
hero eroding and there builduig a bar, here excavating its bed 
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^^m aud them filling it up, and at all timos can-yinj; the material 

^^m picked up at cue point some distance on downstream before 

^^H depositing it at auotlier. 

^^H These deposits are laid down by slackening currents where 

^^H the velocity of the stream is checked, as on the inner mde of 

^^M curves, and where the slope of tlie tted is diminished, and in Qm 

^^V lee of islands, bridge piers and projecting pi>i»ts of land. How 

^^P Blight is the check rt-i^uired to lyiuse a current to drop a large 




Fic. 41. SaoJ Bar deptMJU^ liy SMi^aiu, ebowing Cross BHlUing 



part of its load may be inferred from the law of the relation 
of the transporting power to the velocity. If the velocity B 
decreased one half, the current can move fragments hut one 
sixty-fourth the size of those which it could move before, and 
must drop all those of larger size. 

WiU a river deposit more at low water or at flood V wlien rising or 
when falling? 

Stratification. Eiver deposits are stratified, an may l>e seen in 
any fresh cut in banks or bars. The waste of which they are 
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built has been sorted and deposited in layers, one above another ; 

some of liner and some of coarser material. The sorting action 

of running water depends on the fact that its transporting 

power varies with the velocity. A current whose diminishing 

velocity compels it to drop coarse gravel, for example, is still 

able to move all the finer waste of its load, and separating 

it from the gravel, carries it on downstream; whQe at a later 

time slower currents may deposit on the gravel bed layers of 

sand, and, stUl later, slack water may leave on these a layer of 

mud. In case of materials lighter than water the transporting 

power does not depend on the velocity, and logs of wood, for 

instance, are floated on to the sea on the slowest as well as on 

the most rapid currents. 

Cross bedding. A section of a bar exposed at low water may 

show that it is formed of layers of sand, or coarser stuff, inclined 

downstream as steeply often as the angle of repose of the 

material. From a — — 

boat anchored over — .■«r^..^ , r-r;„->-^,, . v^; ,. „;.;v,- ; , ;;,. „ . ;. , „ ;,;■ . ■ , ■■ , ^:-,.-; , v . ; . ■ ,, h.vi-vv??n-=^^\ - — 

the lower end of a ■^^^'' ^^' Longitudinal Section of a River Bar 

submerged sand bar we may observe the way ui which this 
structure, called cross bedding, is produced. Sand is contiiuially 
pushed over the edge of the bar at h (Fig. 42) and comes to rest 
in successive layers on the sloping surface. At the same time 
the bar may be worn away at the upper end, a, and thus slowly 
advance down stream. Wliile the deposit is thus cross bedded, 
it constitutes as a whole a stratum whose upper and lower 
surfaces are about horizontal. In sections of river l)anks one 
may often see a vertical succession of cross-bedded strata, each 
built in the way described. 

Water wear. The coarser material of river deposits, such as 
cobblestones, gravel, and the larger grains of sand, are water ivorn, 
or rounded, except when near their source. Rolling along the 
bottom they have been worn round by impact and friction as 
they rubbed against one another and the rocky bed of the stream. 
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Experiments have shown th&t angular fragments of granite low 
nearly half their weight and become well roumleii after traveling fit- 
teen miles in rotating cylinders partly filled with water. Slarblea 
are cheaply made in (lermany out of small limestone cubes sf t revolviug 




in a current <if water between a rotating bed of atone iind a bkitk 
of oak, the process requiring but about fifteen minutes. It has been 
found that in the upper reaches of mountain streams a descent of less 
than a mile ia sufficient to round pebbles of granite. 

Land Fokms due to Eiver Eroston 
River valleys. In their courses to the sea, rivers follow val- 
leys of various forms, some shallow and some deep, soinei 
iiaiTow aod some wide. Since rivers are known to erode their, 
beds aiid banks, it is a fair presumption that, aided by thfc 
weather, they have excavated the valleys in which they flow. J 
Moreover, a bird's-eye view or a map of a region shows thel 
significant fact that the valleys of a system unite with one! 
another in a branch work, as twigs meet their stems and the' 
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hanches ol a oce 5c» ovok. Eidi nOer. bKim tku of tbe 
smallest ixnist t«> dac •[< cine- ntt^ftfr <tii»m. s> ptv^pcitioiiiAtv?' 
to the sat vl d^ «cksul viiS^h cc^ropMS it. Wlih a K-v 
exjdainmhfe tsioefCi^x& At x^Htj^ <4 uinitinets^ jc<n tkit of 
tiie tnmk tficuK x a ievA : thefc* is no 5»ideft dc^'i^d or 
heik m dK Ind x due- piut Cif JQiK-miv-. Tbe^e «re- tbe 
nalMl cammBBmaexs wfcS!& soft fo£Iov if ibe Itad Ins k«a:^ 

been Mmpiled wlskh 5s ^?SE:^4etirQi i o j^:«iu:ie ih-rziL Wr luusi 
cqimIbIb ttiS Tdfev yrs&ens bfcvr- l«rtra :i^jT:»i i-t ibe liv-er 
systaBH ^wUck dnzn liiiirZL 4S>^i \-j ibr v«>rk ^ f ihe wr;&iher : 

tiiey an not py*^ ^gs;:^^^? in ibe ^:sl;^~< jr^>c. &s cvslHt oV 
serven iamffMmi. 1«k jjpt ibe furr^.-v-s vb::h mnning w^«er h^LS 
diaini«]iQn dnelizML 

As ^mUeirs are 2d»>: It ibe sl-jw wtr^ar <-i s::Teaiii5 and ibe 
actkn af die w^aibr?. tber leis? fn ibrir drveLji-zihrDi ibT^.-usdi 
suc a—iic SiMfftSu e^^A <-f -wbi-ib has iis «jwii ..baracicrisiie 
featurea. We nav iberef-.^^ clasidfT livr-is iaij-i vaZIrvs aLxx*i>i- 

m m % 

ing to the stage wbii ibey Livr iv^^.ht>i in ihrir lifr hisior}' 

from infancv Uj ->jd fc:*c- 

• — 

Tow9^ Bir^r ria^^Vw 

m m 

Infancy. Tbe B*»d Rrr«r of tbe Xortb. A rec5c»ii in iionii'«"«5i(em 
^Hinnesota simI tbe ^^iioeiLi pCTtions of Xortb D&koia and Maiuu»la ir«£ 
ao recentlT covcrbd 1>t ibe vai^TS K>i in extinct lake, kxkan as Lake 
Agassiz. that tbe saiisuf^t remains mneb as ii v-as Irfi wben tbe lake 
'Was drained awaj. Tbe ilai &ior. f^ireftd smooth vitb lake-laid silis. is 
Itill a plain, to tbe ere as lerel as tbe ««a. Arixiss it tbe Itrd Rirrr of 
the North and its brazK-bes run in narrow, ditcb-like channels, steiej- 
dded and shallow, not eioeeding siitr feiet in depih. their graditrnts 
differing little frc»m tbe g»'neral fiJo}:ies of tbe region. Tbe tnmk streams 
liave but few tsribTriaries : tbe rirer srstem. like a BaiOiiig with few 
limbs, is still tindereloj*ed- Along tbe banki^ of the truiik ^t^rr'^Lm^ shf'rt 
gullies are slowlr lengthening htatd wards, like grcwiLg T>*i^- TftiJch 
are sometime to htcosne large branches. 
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The flat iDterBtreaiu area^ are as yet Imt little scored by draiiULga 
lines, aud in wet weather water lingers in ponds in any initial depre». 
eions on the pluin. 

Contours. In order to read the topographic maps of the t«\t-book and 
the laboratory the student should Icnow that contours am lines drawn 
on maps to represent relief, all points on any given contour being of equal 
lieight above sea level. Tlie contour inten-nl is the uniform vertical 
diatanoe between two adjacent contoure and varies on different maps. 




Note th 



I 



To expreaa regions of faint relief a contour iiitfirval of ten or twenty 
feet is commonly selected; while in mountainous regions a contour 
iulerval of two hundred and fifty, five hundred, or even one thousand 
feet may be necesaary in order that the contours may not be too 
crowded for easy reading. 

Whether a river begin.i it.'J life on !i lake plain, as in the 
exaiJiple just cited, or upon a coastal plain lifted from heneath 
the nea or on a spread of glacial drift left by the retreat of 
cuutinental ice sheets, such as eovei-s much of Canada and the 
northeastern parts of the United States, its infantile stage pre- 
sentB the same characteristic features, ■ — - a narrow and shallow 
valley, with undeveloped tributaries aud tmdrained interstream 
areas. Ground water stauds high, and, exuding in the undrained 
initial depressious, forms marshes and lakes. 
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Lakes. I^kes are perliaps the most obvious of these fleeting 
f es f mf y Th ) I rt-l d f h d 

sou mpliifl d L ral An} teiii ad 

to d ma } 1 I pe d te ding all y f 

h b n 1 ) 4,roiu d te f ce and in ad h 

undrained d press n f I gi n Lak h ing 1 ts re 




Deacribe tliix nrca. How hii.li are the bi11s7 Are thej such In tonn and 
position an wniild lie left liy stream enisioii ? Consult a map of the entire 
state niKl nutiert thut the Fox River fimls way to Lake Michigan, while 
tUe WiBviinsiii niupties into tlie Miiuiasiiipi. Describe that portion of the 
divide iiere slu>wn Lietween the Jlissiasipiii anil tiie St. Lawreoce systems. 
Wbieli is the lai^er river, the WiscouBiu <ir the Fox? Other things being 
«qnal, wliii'ii may be expecteil to deepen its bed the more rapidly ? 
What <'haTi!;es are iiltuly to oeeur when one of these rivers comes to fiow 
at a lower level than tiie other? Why have not these chaogea occurred 
already? 

drained away as their basin rims are cut down by the outflow- 
ing streams, — a slow process wliere the rim is of hard rock, 
but a rapid one where it is o( soft uiat^rial such as glacdal drift. 
Lakes are effaced also by the filling of their basins. . Ijoflow- 
ing streams aud the wash of rains bring in waste. Waves afamde 
the shore and strew the debris worn from it over the lake bed 
Shallow lakes are often filled with orgauic matter from decay- 
ing vegetation. 

Does the outflowing strt-ain from a lake carry aediment? How does 
this fact affect itw erosive ]Miwer on hard rock? on loose material? 
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Lake (leneva is a w ell known example, of a. lake m proceaa of obliter- 
ation. The inflowing Rhotii- has alreadj diaplaced the waters of the 
lake for a length of twenty rnilHS with tlie waste hroiiglil down from 
the high Alps For this distance thpre extends up the Rhone Valley 
an alluyial plain, which has grown lakewird at tliP rate of a. mile and 
a half HincB Roman times, as proved b> the distance inland at which 
a Romain port now Rtanda 

How rapidiy a lake maj be silted up u 
coiiditionB is illustrated b) the fact that oi 
lake, of thirty fi\e sr[Uure milea, formed 
behind the great dam across the Colorado 
River at Austin, I'esaa, sedinienta thirty 
nine feet deep gathered m seven years 

Lake Mendota, oul of the many beauti 
tul lakes of southern \\ isconsin, is rapidly 
cutting back the soft glaoial drift of its 
chores by means of the abrasion of its 
waves. While the shallow basin is thu^ waven h S11 idbcIb o! matH 
broadened, it is alsii bning filled with thy rial taken irmn a 
waste ; and the time is brought nearer when it will be so slinaled tha 
vegetation can complete the work of its efTdcenient 



iider exceptionally favorable 
^r the bottom of the artificial 



t II 4T A bmall Lake being 
broadined and sliualed bj 
Wa\H Wear 
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lilies, ] 



Along the niai^i of a shallow lake mosses, water 
grasses, aud other watar-lovicg plants grow luxuriantly. 
their decaying remaina accumulate on the bottom, the ring of 
maish broadens iiiwaiils, the lake narrows gradually to a small 
pond set in the midst of a wide bog, and finally disappears. 
All stages hi this process of extinction may be seen among 
the countless lakelets which occupy sags in the recent sheets 




of glacial drift ui the northern states ; and more numerous than 
the lakes which still remain are those already thus filled with 
carbonaceous matter derived from the carbon dioxide of the 
atmosphera Such fossil lakes are marked by swampa or level 
meadows underlain with muck. 

The advance to maturity. Tlie infantile stage is brief. As 
a river advances toward maturity the initial depressions, the 
lake basins of its area, are gradually effaced. By the furrowing 
action of the rain wash and the headwanl lengthening of tribu- 
taries a branchwork of drainage channels grows until it covers 
entire area, and not an acre is left ou which the fallen 
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raindrop does not find already cut for it an uninterrupted down- 
ward path which leads it on by way of gully, brook, and river 
to the sea. The initial surface of the land, by whatever agency 




Pig. 50. Draina^ Maps 

A, u ares Id its mfnnoy, Buena Viala County, lown ; B, an area in its 

maturity, Ringgold County, lona 

it wBfl modeled, is now wliolly destroyed ; the region is all 
reduced to valley slopes. 

The longitudinal profile of a stream. This at first corresponds 
with the iuitial surface of the region on which the stream 
begins to flow, although its way may lead through basins and 
down steepdeseents. 
The successive pro- 
files to which it re- 
duces its bed are 
illustrated in Fig- 
ure 51. As the gra- 
dient, or rate of de* 
scent of its bed, is 
lowered, the veloc- 
ity of the river is 
decreased until its 




im, initial profile, with watertall at v>, and ba^ns at I 
and /', which at first are occapled i>y lathes and 
later ate filled or drained; 6, e, rf, and e, profiles 
established in Bueression as the stream advances 
from infancy toward old age. Note that these 
profiles are eoncave toward the sky. This is the 
erosion c^irue. What contrasting form has the 
weather curve (p. 34) ? 
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lessening energy is wholly consumed in carrj-iiig its load and it 
can no longer erode its bed: The river ie now at grade, and ita 
capacity ia just equal to ita load. If now ita load is increased 
the stream deposits, and thus builds up, or aggrades, its bed 
Ou the other hand, if its load ia diminished it has energy to 
spare, and resuming its work of erusiun, degrades its Itt^il. In 
either case the stream continues agf,'mding or degi-adiiig until 




lici st<.'i;|> aiiles. Wlmt processes arc nl work iipnn tliem 1 How wide 
is tliti vullcy at ba^ ouintiared wiUi tliu wiiltli of Uie Btreain? Do yon 
see any river deposits along its banks? Is the struaiu flowing; HwlJtl; 
over a rock 1wd, or quietly over a lied whi<'h it has hailt up? Ia It 
graded or ungraded? Note tbat Che canjron walls project in iiiterli>ck- 
iug spurs 

a new gradient is found where the velocity is just sufficient to 
move the load, and here again it reaches grade. 

V-ValleyB. Vigorous rivers well armed with waste make short 
work of cutting their beds to grade, and thus erode narrow, 
steep-sided gorges only wide enough at the base to accommodate 
the stream. The steepness of the valley sloix-.s depends on the 
relative rates at which the bed is cut down by the stream and 
the sides are worn back by the weather. lu resistant rock a 
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swift, well-laden stream may saw out a gorge whose sides are 
nearly or even quite vertical, but as a rule young vaUeys 
whose streams have not yet reached grade are V-shaped ; their 
sides flare at the top because here the rocks have longest been 
opened up to the action of the weather. Some of the deepest 
canyons may be found where a 
rising land mass, either mountain 
range or plateau, has long main- 
tained by its continued uplift the 
rivers of the region above grade. 

In the northern hemisphere the north ^^^- ^- Section of the Yellow- 
sides of river valleys are sometimes of ^ ^"® anyon 

more gentle dope than the south sides. This canyon is 1000 feet deep, 2500 
^ . o feet wide at the top, and about 

Can you suggest a reason? 250 feet wide at the bottom. 

Tlia Gnnd Canyon of the Colorado Neglecting any cutting of the 

River In Arixona. The Colorado River "^^r against its banks, estimate 

- Ai <i . 1 1 ^ i. ii what part of the excavation of 

trenches the high plateau of northern ^^e canyon is due to the vertical 

Arizona with a colossal canyon two erosion of its bed by the river 

hundred and eighteen mHes long and ^^^ ^^^^^ *« weathering and 
,- ., . . . 1 .1 rain wash on the canyon sides 

more uian a mile in greatest depth 

(Fig. 15). The rocks in which the canyon is cut are for the most part 
flat-lying, massive beds of limestones and sandstones, with some shales, 
beneath which in places harder crystalline rocks are disclosed. Where 
the canyon is deepest its walls have been profoundly dissected. Lateral 
ravines have widened into immense amphitheaters, leaving between 
them long ridges of mountain height, buttressed and rebuttressed with 
flanking spurs and carved into majestic architectural forms. From the 
extremity of one of these promontories it is two miles or more across 
the gulf to the point of the one opposite, and the heads of the amphi- 
theaters are thirteen miles apart. 

The lower portion of the canyon is much narrower (Fig. 54) and its 
walls of dark crystalline rock sink steeply to the edge of the river, a 
swift, powerful stream a few hundred feet wide, turbid with rerldish 
silt, by means of which it continually rasjjs its rocky bed as it hurries 
on. The Colorado is still deepening its gorge. In the Grand Canyon 
its gradient is seven and one half feet to the mile, but, as in all 
ungraded rivers, the descent is far from uniform. Cradled reaches in 
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soft rock alternate with steeper declivities in hard rock, forming rapids 
such as, for example^ a stretch of ten miles where the fall averages 
twenty-one feet to the mile. Because of these dangerous rapids the few 
exploring parties who have traversed the Colorado canyon have done so 
at the hazard of their lives. 

The canyon has been shaped by several agencies. Its depth is due 
to the riyer which has sawed its way far toward the base of a lofty 
rising plateau. Acting alone this would have produced a slitlike gorge 
little wider than the breadth of the stream. The impressive width of 
the canyon and the magnificent architectural masses which fill it are 
owing to two causes. Rimning water has gulched the walls and 
weathering has everywhere attacked and driven them back. The hori- 
zontal harder beds stand out in long lines of vertical cliifs, often hun- 
dreds of feet in height, at whose feet talus slopes conceal the outcrop 





Fig. 56. Diagrams illustrating Conditions which produce Falls or Rapids 

Af vertical sacoession of harder and softer rocks; B, horizontal succession of the 
same. In A the stream ab in sinking its bed through a mass of strata of dif- 
ferent degrees of hardness has discovered the weak layer s beneath the hard 
layer A. It rapidly cuts its way in «, while in h its work is delayed. Thus 
the profile <tfl/ is soon reached, with falls at /. In B the initial profile is 
shown by dotted line. 

of the weaker strata (Fig. 15). As the upper cliffs have been sapped 
and driven back by the weather, broad platforms are left at their bases 
and the sides of the canyon descend to the river by gigantic steps. Far 
up and down the canyon the eye traces these horizontal layers, like the 
flutings of an elaborate molding, distinguishing each by its contour as 
well as by its color and thickness. 

The Grand Canyon of the Colorado is often and rightly cited as an 
example of the stupendous erosion which may be accomplished by a 
river. And yet the Colorado is a young stream and its work is no more 
than well begun. It has not yet wholly reached grade, and the great 
task of the river and its tributaries — the task of leveling the lofty 
plateau to alow plain and of transporting it grain by grain to the sea — 
still lies almost entirely in the future. 
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Waterfalls and rapids. Before the bed of a stream is reduced 
to grade it may be broken by abrupt descents which give rise to 
waterfalls and rapids. Such breaks in a river's bed may belong 
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Fig. 66. Longitudinal Section of 
Yellowstone River at Lower 
Fall, F, and Upper Fall, ¥*, 
Yellowstone National Park 

fe, lavas deeply decayed through 
action of thermal waters ; m and 
m', masses of undecayed lavas to 
whose hardness the falls are due. 
Which fall will be worn away the 
sooner? How far upstream will 
each fall migrate? Draw profile 
of the river when one fall has dis- 
apx)eared 



to the initial surface over which 
it began its course; stiU more 
commonly are they developed 
in the rock mass through which 
it is cutting its valley. Thus, 
wherever a stream leaves harder 
rocks to flow over softer ones the 
latter are quickly worn below the 
level of the former, and a sharp 
change in slope, with a waterfall 
or rapid, results (Fig. 55). 




At time of flood young tributaries 
with steeper courses than that of the 
trunk stream may bring down stones 

and finer waste, which the gentler current cannot move along, and 

throw them as a dam across its way. The rapids thus formed are also 

ephemeral, for as the gradient 

of the tributaries is lowered the 

main stream becomes able to 

handle the smaller and finer 

load which they discharge. 

A rare class of falls is pro- 
duced where the minor tribu- 
taries of a young river are not 

able to keep pace with their 

master stream in the erosion 

of their beds because of their 

smaller volume, and thus join 

it by plunging over the side 

of its gorge. But as the river 

approaches grade and slackens 



Fig. 67. Diagram illustrating Migration 
of a Fall due to a Hard Layer H^ in 
the Midst of Soft Layers S and 5, all 
dipping upstream 

a, 6, c, (?, and c, successive profiles of the 
stream ; /, /', and /", successive posi- 
tions of the fall; r, rapid to which the 
fall is reduced. Draw diagram showing 
migration of fall in strata dipping down- 
stream. Under what conditions of incli- 
nation of the strata wiU a fall migrate 
the farthest and have the longest life? 
Under what conditions will it migrate the 
least distance and soonest be destroyed? 



its down cutting, the tributaries sooner or later overtake it, and, 
effacing their falls, unite with it on a level. 
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Maturely Dinsecttd Flatoau n 



Charleston, West Virginia 
Compare tha uumliBt or atreainB in any giyen number of square miles 
with tliB nnmbet on an area of the aame size in the Red River valley 

■(Ftg, 41), What ia the shape of Iho ridges? Are tlieir Bummita hroad 
ta narrow? Are their crcata even or broken hy knobs and cols (tbe 
leprewions on the creat line) 7 If the lalter, bow deeply have the cola 
^tina -worn luneath the summits of tbe knubs? 
TG 
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Wiiterfalla ami rapids of all kiiids are evanescent features iif 
a liver's youth. Like lakes tliey are soon destroyed, and if any 
loDg time had already elapsed since their formation they would 
have been obliterated already. 

Local baselevels. That balanced condition called grade, where 
a river neither degrafles its bed by eroaiun nor ^igradea it hy 
depcisitiou, in first attained along reaches of soft rocks, ungraded 
outcrops of hard rocka remaining as barriers wliich give rise to 
rapida or falls. Until the^e barriers are worn away they con- 
stitute local baselevels, below which level the stream, up vallejj- 






froifa them, cannot cut. They are eroded to grade one afl*r 
another, beginning with the least strong, or the one neatest 
the mouth of the stream. In a similar way the surface of a 
lake in a river's course constitutes for all inflowing streams 
a local baselevel, which diaappeara when the basin is filled or 
drained. 

Mature and Old Bivera 
Maturity is the stage of a river's complete development and 
most effective work. The river system now has well under way 
its great task of wearing down the land mass which it drains 
and carrying it particle by particle to the sea. Tlie relief of the 
land 13 now at its greatest ; for the main channels have t 
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in load or volume enables it to find grade at a lower leveL On the 
other hand, a stream erodes its banks at all stages in its history, 
and with graded rivers this process, called lateral erosion, or 
planation, is specially important. The ciu*rent of a stream fol- 
lows the outer side of all curves or bends in the channel, and on 
this side it excavates its bed the deepest and continually wears 
and saps its banks. On the inner side deposition takes place in 
the more shallow and slower-moving water. The inner bank of 
bends is thus built out while the outer bank is worn away. By 
swinging its curves against the valley sides a graded river con- 
tinually cuts a wider and wider floor. The V-valley of youth is 
thus changed by planation to a flat-floored valley with flaring 
sides which gradually become subdued by the weather to gentle 
slopes. While widening their valleys streams maintain a con- 
stant width of channel, so that a wide-floored valley does not 
signify that it ever was occupied by a river of equal width. 

The gradient. The gradients of graded rivers differ widely. 
A large river with a light load reaches grade on a faint slope, 
while a smaller stream heavily burdened with waste requires 
a steep slope to give it velocity sufiicient to move the load. 

The Platte, a graded river of Nebraska with its headwaters in the 
Rocky Mountains, is enfeebled by the semi-arid climate of the Great 
Plains and surcharged with the waste brought down both by its branches 
in the mountains and by those whose tracks lie over the soft rocks 
of the plains. It is compelled to maintain a gradient of eight feet to 
the mile in western Nebraska. The Ohio reaches grade with a slope 
of less than four inches to the mile from Cincinnati to its mouth, and 
the powerful Mississippi washes along its load with a fall of but three 
inches per mile from Cairo to the Gulf. 

Other things being equal, which of graded streams will have the 
steeper gradient, a trunk stream or its tributaries ? a stream supplied 
with gravel or one with silt ? 

Other factors remaining the same, what changes would occur, if the 
Platte should increase in volume ? What changes would occur if the load 
should be increased in amount or in coarseness ? 
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The old age of rivers. As rivers pass their prime, as denuda- 
tion lowers the relief of the region, less waste and finer is 
washed over the gentler slopes of the lowering lulls. With 
smaller loads to carry, the rivers now deepen their valleys and 
find grade with fainter declivities nearer the level of the sea. 
This limit of the level of the sea beneath which they cannot 
ferode is known as baselevel} As streams grow old they approach 
more and more closely to baselevel, although they are never 
able to attain it. Some slight slope is needed that water may 
flow and waste be transported over the land. Meanwhile the 




Fig. 61. Successive Cross Sections of a Region as it advances 

from Infancy a, to Old Age e 

relief of the land has ever lessened. The master streams and 
their main tributaries now wander with sluggish currents over 
the broad valley floors which they have planed away; while 
under the erosion of their innumerable branches and the wear 
of the weather the divides everywhere are lowered and subdued 
to more and more gentle slopes. Mountains and liigh plateaus 
are thus reduced to rolling lulls, and at last to plains, sur- 
moimted only by such hills as may still be unreduced to the 
common level, because of the harder rocks of which they are 
composed or because of their distance from the main erosion 
channels. Such regions of faint relief, worn down to near base 
level by subaerial agencies, are known as peneplains (almost 
plains). Any residual masses which rise above them are called 
numadnocks, from the name of a conical peak of New Hampshire 
which overlooks the now uplifted peneplain of southern New 
England. 

1 The term ^* baselevel ** is also used to designate the close approximation to 
sea level to which streams are able to subdue the land. 
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In its old age a region becomes mantled with thick sheets 
of fine and weathered waate, slowly moving over the faiut slopes 
toward the water ways and unbroken by ledges of bare rock 
In other words, the waste mantle also is now graded, and as 
waterfalls have been effaced in the river beds, so now any 
ledges in the wide streams of waste are worn away and covered 
beneath smooth slopes of fine soil. Ground water stands high 

1 may esuda in areas of swamp. In youth the land mass 
was roughhewn and cut deep by stream erosion. In old age 




It-plain HuriiKiuntol by M'diiuiiu 
Belt, Virginia 

From Davis' Eleinenlary Phy»iedl Geographt/ 

the faiut rehefs of the land dissolve away, chiefly under the 
action of the weather, beneath their cloak of wasta 

The cycle of erosion. The successive stages through which 
a land mass passes whUe it is being leveled to the sea consti- 
tute together a cycle of erosion. Each stage of the cycle from 
infancy to old age leaves, as we have seen, its characteristic 
■ records in the forma sculptured on the land, such as the shapes 
of valleys and the contours of hilla and plaina The geologist 
is thus able to determine by the land forma of any region the 
stage in the erosion cycle to which it now belongs, and know- 
ing what are the earlier stages of the cycle, to read eomething 
of the geological history of the region. 
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Interrupted cycles. So long a time is needed to I'educe a land 
mass to liaaelevel that the process ia aeldoui if ever completed 
during a single uninterrupted cycle of erosion. Of all the vari- 
ous interruptions which may occur the most important ara 
gradual movements of the earth's crust, by which a region ie 
either depressed or elevated relative to sea level 

The depression of a region liaatens its old age by decreasing 
the gradient of ati-eama, by destroying their power to excavate 
their beds and uiury their loads to a degiet: corresponding tp 




the amount of the depression, and by lessening the amount of 
work they have to do. The slackened river ciuTents deposit 
their waste in flood plains which increase in height as the sub- 
Bideuce continues. The lower courses of the rivers are invaded 
by the sea and become estuaries, while the lower tributaries ai-a 
cut off from the trunk stream. 

JElevation, on the other hand, increases the activity of all 
agencies of weathering, eroaii.>n, and transportation, restores the 
region to its youth, and inaugurates a new cycle of erosion. 
Streams are given a steeper gradient, greater velocity, and 
increased energy to carry their loads and wear tlieir beds. 
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They cut through the alluvium of their flood plaina, leaving it 
on either bauk as successive terraces, and intrench themselves 
in the tinderlymg rock. In their older and wider valleys they 
cut narrow, ateep-walled inner gorges, in which they flow swiftly 
over rock) floors, broken here and there by falls and rapids 
where a harder laj er of rock 
has been discovered. Wind- 
uig streams on plains may 
thus incise their meanders in 
solid rock as the plains are 
gradually uplifted Streams 
■winch are thus restored to 
tlieir }outh are said to be 
rem ed 




As streams cut deeper and 
tlie valley slopes are steep- 
ened the mantle of waste of 
the re^'ion undei^omg eleva- 
ti n IS set m more rapid 
movement It is now re- 
moved particle by particle 
faster than it forma As the 
\\'i8te mantle thms weather- 
mg attacks the rocks of the 
region more energetically 
until an equilibrium is 
reached again; the rocks 
waste rapidly and their wasto is as nipidly removed 

D^sected peneplains, \\lieii a rise of the land brings one cycle 
to an end and begins another, the characteristic land forms of 
each cycle are found together and the topc^raphy of the region 
is composite until the second cycle is so far advanced that the 
land forms of the first cycle are entirely destroyed. The contrast 
between the land surfaces of the later and the earlier cycles is 
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moat atrildng when the earlier had advanced to age and the 

later ia still in youth. Thus many peneplains which have been 

elevated and dissected have been, recognized by the remnants 

of their ancient erosion 

surfaces, and the length 

of time which has 

elapsed since tlieir uplift 

has been measured hj 

the stage to which the 

new cycle has •id\ anced 

The Piedmont Belt Ah 

an example of an ancient 
peneplain uphfted and 
dissected wa may cite the 
Piedmont Belt a tiroa 1 
upland lying between the 
Appalachian Mountains 
and the Atlantic coastal 1' H' '''> 

plain. The surface of the Describe the valley of strBani a. Is it young or 
Piedmont is gently rolling. oWi" HnwdoeBthe valley of 6 dl Her from that 
„, 3- ■ , 1. ' L ofu7 Compare as to form aud age the Imier 

The divides, which are yaiiey of 6 with the outer valley and with the 
often sni<H)th areas of con- valley of a. Account for tlie Inner valley. 
Why does it not extend to the upper portion 
of the course of 6? Will It everdo io7 Draw 
liiiigitudinal profile of 6, showing the different 
gradient of upper aud lower portioQS shown 
in diagram. We may suppose tliat a also has 
an inner valley in the lower portions of ita 
course not here seen. As the inner valley o( 
some lone hill or ridge may tributary c extends heaiiward it may Invade 
lift itself above the general f" ™lley of o before the inner valley of a 
■ ■ -r.' nti, rrL hsH workod Upstream to tlie area seen In the 

level (Fig. (13). The am- dJagcam. With what reaulta? 
face is an ancient one, for 

the mantle of residual waste lies deep upon it, soils are reddened by 
long oxidation, and the rocks are rotted to a deptli of scores of feet. 

At present, however, the waste mantle is not formiiig so rapidly as 
it ia being removed. The streams of the upland are actively engaged in 
its destruction. They flow swiftly in narrow, rock-walled valleys over 
rocky beds. This eontrast between the young Btreama and the aged 
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^^H surface which they are now au vigorously disHecting cnn oalj 

^^H explaiucil \>y the tlieary that tlm region once stood lower than *t 

^^H present and hae recently been upraised. If now we imagine the valleys 

^^^H refilled with the waste whioli the atieams have swept away, and the 



LljlTl 




Southern New England 

upland lowered, we restore the Piedmont region to the oonditiou in 
which it stood before its uplift and dissection, — a gently rolling plain, 
Hurmounted here and there hy isolated hills and ridges. 

The surface of the aiici'^nt Piedmont plain, as it may he restored 
from the remnants of it found on the divides, is not in accordance with 
the structures of thp countri roclii W here thi,3e are exposed to view 
they ai a •■n to be fir from liori/ontal On the walla of river gorges 
they dj( stneply anl in various directions and the atraams flow over 



iW^A^^m^mT^ 




PwlmuntBdt 



their upturned edges. As shown in Figure 67, the rockn of the Piedmont 
have been folded and broken and tilted. 

It is not reasonable to believe that when the rocks of the Piedmont 
were thua folded and otherwise deformed the surface of the region w» 
a plain. The upturned layers have not always stopped abruptly at the 
even aurface of the' Piedmont plain which now cnta across them. They 
are the bases of great folds and tilted blocks wliich luust once have 
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risen high in air. The complex and disorderly atnicture*) of the Pied- 
mont rocks are those seen in great mountain ranges, and there is every 
reason to believe that these rocks after their deformation rose to moun- 
tain height. 

The ancient Piedmont plain cuts across these upturned rocks as 
independently of their structure as the even surface of the sawed stump 
of some great tree is independent of the direction of its fibers. Hence 




The Area of the Laurentian Peneplain (shaded) 



the Piedmont plain as it ^Tas before its uplift was not a coastal plain 
formed of strata spread in horizontal sheets beneath the sea and then 
uplifted ; nor was it a structural plain, due to the resistance to erosion 
of some hard, iiat-lying layer of rock. Even surfaces developed on 
rocks of discordant structure, such as the Piedmont shows, are produced 
liy long denudation, and we may consider the Piedmont an a peneplain 
formed by the wearing down of mountain ranges, and recently uplifted. 

The Laurentian peneplain. This is the imme ^vnn tn a 
denuded surface on very ancient rucks which extends fruiii tlie 
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Arctic Ocean to the St. Lawrence Eiver and Lake Superior, with 
small areas also in northern Wisconsin and New York. Through- 
out this U-shaped area, which incloses Hudson Bay within its 
arms, the coimtry rocks have the complicated and contorted struc- 
tures which characterize mountain ranges (see Fig. 179, p. 211). 
But the surface of the area is by no means mountainous. The 
sky line when viewed from the di\ides is unbroken by moun- 
tain peaks or rugged liills. The surface of the arm west of 
Hudson Bay is gently undulating and that of the eastern arm 
has been roughened to low-rolling hills and dissected in places 
by such deep river gorges as those of the Ottawa and Saguenay. 
This immense area may be regarded as an ancient peneplain 
truncating the bases of long-vanished mountains and dissected 
after elevation. 

In the examples cited the uplift has been a broad one and to 
comparatively little height. Where peneplains have been uplifted 
to great height and liave since been well dissected, and where 
they have been upfolded and broken and uptilted, their recog- 
nition becomes more ditticult. Yet recent observers have found 
evidences of ancient lowland surfaces of erosion on the summits 
of the Allegheny ridges, the Cascade Mountains (Fig. 69), and 
the western slope of the Sierra Nevadas. 

The southern Appalachian region. We have here an example of an 
area the latter part of whose geological history may be deciphered by 
means of its land forms. The generalized section of Figure 70, which 
passes from west to east across a portion of the region in eastern Ten- 
nessee, shows on the west a part of the broad Cumberland plateau. On 
the east is a roughened upland platform, from which rise in the distance 
the peaks of the Great Smoky Mountains. The plateau, consisting of 
strata but little changed from their original flat-lying attitude, and the 
platform, developed on rocks of disordered structure made crystalline 
by heat and pressure, both stand at the common level of the line 
ab. They are separated by the Appalachian valley, forty miles wide, 
cut in strata which have been folded and broken into long narrow 
blocks. The valley is traversed lengthwise by long, low ridges, the 
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outcropping edgea of the harder stntta, which rise to about the sani 
Jevul, — thai of the line cd. Between these ridges atretch valley low 
laiidB at the level ef, excavated in the weaker rocks, while soniewh* 
hulow theui lie the channels of the present streams now busily engags 
in deepening their beds. 

7'Ae Bailey loiclandg. Were they planed by graded or ungraiia 
streams? Have the present atreama reached grade? Why di 
streams cease wideuing the floors of the valley lowlands? How long 



--since? When will they begin anew the work of lateral planationl 
What effect will this have on the ridges if the present cycle of erosioB 
^continues long uninterrupted? 

T/ie ri'tges iif Ike Appalachian valley. Why do they stand above tlj 
' valley lowlands? Why do their summits lie in about the same plant 
;;Ee(illing the valleys intervening between these ridges with the inateiilP 
removed by the streams, what is the nature of the surface thus restoredV 
Does this surface erf accord with the rock structures on which it* 
has been developed? How may it iiave been made? At what heigW'i, 
did the land stand then, compared with its present height ? What ele»*"| 
tions stood above the surface cd'l Why? What name may you use to 
designate them? How does the length of time needed to develop Uilj 
surface cd compare with that needed to develop the valley lowlandB? * 
The platform and plateau. Why do they stand at a common letw' 
ai? Of what surface may they be remnants? Is it accordant vri» 
the rock structure ? How was it produced ? Wliat unconsumed raaas^ 
overlooked it? Did the rocks of the Appalachian valley stand aboW^ 
this surface when it was produced ? Did tliey then stand below it^'i 
Compare the time needed to develop this surface with that needed to 
develop cd. Whioh surface is the older? 

How many cycles of erosion are represented here ? Give the erosiov 
history of the region by cycles, beginning with the oldest, the workdoW,' 
in each and the work left undone, what brought each cycle to a close, i 
and how long relatively it continued. 
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CHAPTER IV 

RIVER DEPOSITS 

The characteristic features of river deposits and the forms 
hich they assmne mav be treated under three heads : (1) valley 
eposits, (2) basin deposits, and (3) deltas. 

Valley Deposits 

Flood plains are the surfaces of the aUuvial deposits which 
•beams build along their courses at times of flood. A swift 
cwrent then sweeps along the channel, while a shallow sheet 
of water moves slowly over the flood plain, spreading upon it a 
Biin laver of sediment. It has been estimated that each inun- 

* 

toon of the Nile leaves a layer of fertilizing silt three hun- 
tedths of an inch thick over the flo^^xl plain of Egypt. 

Hood {dains may consist of a thin spread of aUuvium over 
fte flat rock floor <rf a valley which is being widened by the 
literal eroeioQ o( a graded stream (Fig. 60). Flood-plaiTi d/E^- 
{osits of great thickness may Ije built by 
^Blading rivets even in valley* who??e 
"Hi floors have never beien thus widened 
fffe. 368i ^^'' '^' ^'T*jiVi >hi^^i^ji, 'A 

A cross section of a flof^ plaiL I Fij:, 7 1 1 

Aows that ii is In^faest nen iL-r riv^r. rl-.-ici^ xr^A^ikHr \\x^,zj>t 
fethe vallev sdes. These wid^ :-i:-jr&: ^:r/'ti:J:::j^:-t* <.r^ '3vr 
•0 the fact that the river drT^^i: > r-^na-.i^r :.^^: :r.^ '^rA- -whr?^ 
kevelocitv of the slt-isA^ ,?->:-:.t1 
oatact with the sk^w-er-i:^ -il'^^- , v^rf: . ta 
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Thus banked off fnnii the stream, the outer portions ^^| 


flood plain are often ill-drained and swampy, and here veg^| 






dt'iMiaits, such as peat, nPV 
be interbedded with rivei' l 
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A map of El wide flood pUiii. I 
Giicli as that of the Minda^pi ) 
or tlie MisMiu-i (Fig. 77),<a»w5 
that tlie coureoa of the tlibii- 
taries on entermg it are d'-- 
Uected downstrBa,m, Why? 
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The aggrading streams 
liy which flood plains are 




: M 


ciiiiMtTnctud gradually h\iM 
their immediate banks aad 




U'ds to higher and higher 
levels, and therefore find il 
easy at times of great floods 
to break their natural em- 




- '/^^^ 


l*niikments and take new 
courses oyer the plain. In 




■ c^ I 


tliis way they aggrade eocli 
portion of it in turn by 




means of their shifting 




Wi 


clmnnels. 




Braided channels. A 




ij-.^f" ■-^TTT^:— \t:— 


river actively engaged in 
aggradmg its valley with 
coarse waste builds a flood 
plain of comparatively steep 
in a fairly direct course and 




Fiu. 72. Wast,:-Fillidd ViUl«y ami liraitk. 
ChannelH of tlie Upper MisBisaippi 

inudient and often flows down it 


through a network of hraided channels. Frum time to time 


a channel becomes choked with waste, and the water no longer 


finding room in it breaks out and cuts and builds itaelf a new 




way which rmmites duwii vallty wilh tlie tither chaniiels. Thus 
there liecomea eslaLliMheil a network of evei'-changiiig chaiiiiels 
indoaiag low ialanila of aaiid ami gravel. 



TfK^ 




in Allmi 
Modifieii iitter Davis 
Vhicli is the older, the rock floor of the valley oi 
fill it? What nre the relative a^ea of t( 
be Doted that the remnaiitB of tlie liigber flood plaii 
swept Awnf by the meaaderlng river, as it swung from Bide to side ot 
the valley at lower levels, liecanse tbey have lieen defended by ledges 
of hard nxik In the projecting spurs ol the Initial vnlley. The stream 
* ' li defending ledges at the potntH marked d 



yc tbe river deposits which 
" , e, and e ? It will 
B have not been 
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Fig. 76. River Terraces of Rock covered 
with Alluviuin 



Terraces. Wliile aggi-ading streams thus tend to shift their 
channels, degrading streams, on the contrary, become more and. 
more deeply intrenched in their valleys. It often occurs that a 

stream, after having 
built a flood plain, 
ceases to aggrade its bed 
because of a lessened 
load or for other reasons, 
such as an uplift of the 

c, recent flood plain of the river. To what pro- . , hftoinQ in 

cesses is it due ? Account for the an avium at l^g^""* anu D^ms m 

a and b and on the opiM)site side of the valley at stead to degrade it. It 

the same levels. Which is the oMer? Account i .1 ' ' } f\ A 

for the Hat r<K-k Hoors on which these deposits ^^VCS tne Original HOOa 

of alluviuin rest. (Jive the entire history which plain OUt of reach of 
may be read in the section. ,, ^ * -, . n i 

even the highest floods. 
Wlien a<(ain it reaches grade at a lower level it produces a new 
flood plain by lateral erosion in the older deposits, remnants of 
which stand as terraci^s on one or both sides of the valley. In 
this way a valley iiitiy be lined with a succession of terraces at 
different levels, each level representing an abandoned flood plain. 
Meanders. Valleys a<j^<(ra(led with fine waste form well-nigh 
level plains over whieli streams wind from side to side of a 
direct course in sym- 
metric bends known 
as meanders, from the 
name of a wuiding 
river of Asia Minor. 
The giant IVfississippi 






Fig. 70. Development of a Meander 



has developed mean- '^^^^' <^^tted line in a, 6, and c shows the stage pre- 
, .^, ,. - ceding that indicated by the unbroken line 

ders with a radms 01 

one and one half miles, but a little creek may display on its 
meadow as perfect curves only a rod or so in radius. On the 
flood plain of either river or creek we may find examples of the 
successive stages in the development of the meander, from its 
beginning in the slight initial bend sufficient to deflect the 




current again h 
outer side. EruJin 
here and dep in 
on the inner 
thebendjitgrad ally 
reaches fir 
open henii (Fj 6 ) 
whose width and 
length are a 
from equal, and t« 
tliat of the lio se h 
meander (Fig 
whose dian 
transverse 
course of the rt n 
is much greate h n 
that parallel w 
Little by lit e h 
neck of land p 
ing into the bend 
narrowed, un a 
last it ia cut thr gh 
and a "cut- fl 
established. Th d 
channel ia now d 
up at both en d 
beuomea a cresceu 
lagooD {Fig. 6 
or oxbow lake, which 
fills gradually to an 
an>«baped shallow 
depression. 

Flood plains characteristic of mature rivers. On reaching 
yrade a sLiijam planes a flat floor for its eontinnally widening 



fluud plain nf its master 

deni of the two rivere i: 

the wiilth at enfh flood plain lannpara with the 

niilth of iho bait occupied by the mBandera of the 

river? Doyoulind tra(«ao(»ny former ciaiinels ? 
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valley. Ever cutting on the outer bank of its curves, it deposits 
on the inner bank scroll-like flood-plain patches (Fig. 60). For a 
wliile the valley bluffs do not give its growing meanders room 
to develop to their normal size, but as plauation goea on, the 
bluffs are driven back to the full width of the meander belt 
and still later to a width whicli gives room for broad stretch«s 
of floi«l plain on either side (Fig. 77). 

Usually a river first attains grade near its mouth, and here 
first sinks its bed to near biiwluvel. Extending its graded 
coui'se upstream by 
cutting away ba^ 
rier after barrier, it 
comes to have a 
widened and mature 
valley over its lower 
course, while its 
young headwaters 
ai-e still busily erod- 
ing their beds. Its 
ungraded branches 
may thus bring 
down to its lower 
course more waste 
than it is competent to carry on to the sea, and here it a^radeiS 
its bed and builds a flood plain in order to gain a steeper gra- 
dient and velocity enough to transport its load. 

As maturity is past and the relief of the land is lessened, a 
smaller and smaller load of waste is delivered to the river. It 
now has enei^ to spare and again degrades its valley, excavat- 
ing its former flood plains and leaving them in terraces on either 
side, and at last in its old age sweeping them away. 

Alluvial cones and fans. In hilly and mountainous countries 
one often .sees on a valley side a conical or fan-shaped depoatof 
waste at the mouth of a lateral stream. The cause is obvious: 




RIVER DKI'OSITS 



99 



roung branch haa not been able na yet to wear its bed to 
•dant level with the already deepened valley of the master 
m. It therefore builds its bed to grade at the point of junc- 
by depositing here its load of waste — i load too hiavv to 
anied along the more 
le profile of the trunk 
7- 

here rivera descend from a, 
itainoUH region upon the 

they may buitd alluvial 
ji exceedingly gentle ak pe 

the ri\BrB of the west 
ide of the bierra Nevada 
itains ha^e spread fana 
a radius of as muLli as 

mile a and a. alope too 
t to be detected without 
imenta where they lea\e 
rock-cut cannons in tbu 
itiins and descend upon 
broad centril valley f 

8 a nver flows over 
Ml it commonly divides 

a branchwork of shift 

hanuels e^ed dtt,trtbu 

^, aincethe} lead off the li 

\t ti-om the main stream. 

his way each part of the fan 

I is preserved. 

iedmont plains. Mountain streams may build their confluent 

into widespread piedmont (foot of the mountain) alluvial 
IS. These are especially characteristic of arid lauds, where 
streams wither aa they flow out upon the thirsty lowlands 
ape therefore compelled to lay down a latge -yortwD. <A tiaeis 




71) TnbutaneH and Diatnbutanes 
of a Fan-Builduig Stream 

is aggraded and its symmetric 
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load. In humid climates mouiitaiii-lK)rn streams are usually 
competent to cany their loads of waste on to the sea, and have 
energy to spare to cut the lower mountain slopes into foothills. 
In arid regions foothills are commonly absent and the ranges 
rise, as from pedestals, above broad, sloping plains of stream-laid 
waste. 

The High Plains. The rivers which flow eastward from the Rocky 
Mountains have united their fans in a continuous sheet of waste which 
stretches forward from the base of the mountains for hundreds of miles 
and in places is five hundred feet thick (Fig. 80). That the deposit was 
made in ancient times on land and not in the sea is proved by the 




Fig. 80. Section from the Rocky Mountains Eastwaixi 

River deposits dotted 

remains which it contains of land animals and plants of species now 
extinct. That it was laid by rivers and not by fresh-water lakes is shown 
by its structure. Wide stretches of flat-lying clays and sands are inter- 
rupted by long, narrow belts of gravel which mark the channels of the 
ancient streams. Gravels and sands are often cross bedded, and their 
well-worn pebbles may be identified with the rocks of the mountains. 
After building this sheet of waste the streams ceased to aggi*ade and 
began the work of destruction. Large uneroded remnants, their sur- 
faces flat as a floor, remain as the High Plains of western Kansas and 
Nebraska. 

River deposits in subsiding troughs. To a geologist the most 
important river deposits are those which gather in areas of 
gradual subsidence ; they are often of vast extent and immense 
thickness, and such deposits of past geological ages have not 
infrequently been preserved, with all their records of the times 
in wliich they were built, by being carried below the level of 
the sea, to be brought to light by a later uplift. On the other 
hand, river deposits which remain above baselevels of erosion 
are swept away comparatively soon. 
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The Great Valley of California is a monotonously level plain of great 
fertility, four hundred miles in length and fifty miles in average width, 
built of waste swept down by streams from the mountain ranges which 
inclose it, — the Sierra Nevada on the east and the Coast Range on the 
west. On the waste slopes at the foot of the bordering hills coarse 
gravels and even bowlders are left, while over the interior the slow- 
flowing streams at times of flood spread wide sheets of silt. Organic 
deposits are now forming by the decay of vegetation in swampy tule 
(reed) lands and in shallow lakes which occupy depressions left by the 
aggrading streams. 

Deep borings show that this great trough is filled to a depth of at 
least two thousand feet below sea level with recent unconsolidated 
sands and silts containing logs of wood and fresh-water shells. These 
are land deposits, and the absence of any marine deposits among them 
proves that the region has not been invaded by the sea since the 
accumulation began. It has therefore been slowly subsiding and its 
streams, although continually carried below grade, have yet been able 
to aggrade the surface as rapidly as the region sank, and have main- 
tained it, as at present, slightly above sea level. 

The Indo-Gangetic Plain, spread by the Brahmaputra, the Ganges, and 
the Indus river systems, stretches for sixteen hundred miles along the 
southern base of the flimalaya Mountains and occupies an area of 
three hundred thousand square miles (Fig. 342). It consists of the 
flood plains of the master streams and the confluent fans of the tribu- 
taries which issue from the mountains on the north. Large areas are 
subject to overflow each season of flood, and still larger tracts mark 
abandoned flood plains below which the rivers have now cut their beds. 
The plain is built of far-stretching beds of clay, penetrated by streaks 
of sand, and also of gravel near the mountains. Beds of impure peat 
occur in it, and it contains fresh-water shells and the bones of land 
animals of species now living in northern India. At Lucknow an 
artesian well was sunk to one thousand feet below sea level without 
reaching the bottom of these river-laid sands and silts, proving a slow 
subsidence with which the aggrading rivers have kept pace. 

Warped valleys. It is not necessary that an area should sink 
below sea level in order to be filled with stream-swept waste. 
High valleys among growing mountain ranges may SM^OiX 
warping, or may be blockaded by rising mountam lc\^^ 
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athwart them. Wiisre the deformation is rapid enough, tha 
river may he ponded and the valley filled with lake-laid sedi- 
ments. Even when the river is ahle to maintain its right of 
way it may yet have its declivity so lessened that it is com- 
pelled to aggrade its course continually, filling the valley with 
river deposits which may grow to an enormous thickneaa. 

Beliind the outer ranges of the Himalaya Mountains lie several WMte- 
filled valleys, the largest o£ which are Kashmir and Nepal, the former 
being an allavial plain about as large as the state of Delaware. The 
rivers which drain these plains have already cut down their outlet 
gorges sufficiently to begin tlie task of the removal of the broad accu- 
mulations which they have brought in from the surrounding mountains. 
Their present flood plains lie as much as some hundreds of feet below 
wide alluvial terraces which mark their former levels. Indeed, the 
horizontal beds of the Hundea Valley have been trenched to the depth 
of nearly three thousand feet by the Sutlej River. These deposits are 
recent or subrecent, for there have been found at various levels the 
remains of land plants and land and fresh-water shells, and in some 
the bones of such animals as the hyena and the goat, of species or of 
genera now living. Such soft depoaits cannot be expected to endnre 
through any considerable length of future time the rapid erosion to 
which their great height above the level of the sea will subject them. 

Characteristics of river deposits. The examples just cited 
teach clearly the characteristic features of extensive river de- 
posits. These deposita 
consist of broad, flat- 
lying sheets of clay 
FiQ. 81. CroasBectionof Aggraded Valley.Hhow- and fine sand left hy 
ing Structure of River Deposits ^^^ ^^^^^^ ^^ ^^^ ^j 

flood, and traversed here and there hy long, narrow strips ot 
coarse, cross-bedded sands and gravels thiovm down by the 
swifter currents of the shifting channels. Occasional beds of 
muck mark the sites of shallow lakelets or fresh-water swamps. 
The various strata also contain some remains of the countless 
mjriads of animals and plants which Uve upon 



lie surface of j 
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the plain as it is in process of building. Eiver shells such as 
the mussel, land shells such as those of snails, the bones of 
fishes and of such land animals as suffer drowning at times 
of flood or are mired in swampy places, logs of wood, and the 
stems and leaves of plants are examples of the variety of the 
remains of land and fresh-water organisms which are entombed 
in river deposits and sealed away as a record of the hfe of the 
time, and as proof that the deposits were laid by streams and 
not beneath the sea. 

Basin Deposits 

Deposits in dry basins. On desert areas without outlet to the 
sea, as on the Great Basin of the United States and the deserts 
of central Asia, stream-swept waste accumulates indefinitely. 
The rivers of the surrounding mountains, fed by the rains and 
melting snows of these comparatively moist elevations, dry and 
soak away as they come down upon the arid plaias. They are 
compelled to lay aside their entire load of waste eroded from 
the mountain valleys, in fans which grow to enormous size, 
reaching in some instances thousands of feet in thickness. 

The monotonous levels of Turkestan include vast alluvial tracts now 
in process of building by the floods of the frequently shifting channels 
of the Oxus and other rivers of the region. For about seven hundred 
miles from its mouth in Aral Lake the Oxus receives no tributaries, 
since even the larger branches of its system are lost in a network of dis- 
tributaries and choked with desert sands before they reach their master 
stream. These aggrading rivers, which have channels but no valleys, 
spread their muddy floods — which in the case of the Oxus sometimes 
equal the average volume of the Mississippi — far and wide over the 
plain, washing the bases of the desert dunes. 

Playas. In arid interior basins the central depressions may 
be occupied by playas, — plains of fine mud washed forward 
from the margins. In the wet season the playa is covered with 
a tliin sheet of muddy water, a playa lake, supplied usually by 
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some stream at flood. In the dry season the lake evaporates, the 
river which fed it retreats, and there is left to view a hard, 
smooth, level floor of sun-baked and sun-cracked yellow clay 
utterly devoid of vegetation. 

In the Black Rock desert of Nevada a playa lake spreads over an 
area fifty miles long and twenty miles wide. In summer it disappears; 
the Quinn River, which feeds it, shrinks back one hundred miles toward 
its source, leaving an absolutely barren floor of clay, level as the sea. 

Lake deposits. Eegarding lakes as parts of river systems, 
we may now notice the characteristic features of the deposits in 
lake basins. Soundings in lakes of considerable size and depth 
show that their bottoms are being covered with fine clay& Sand 
and gravel are found along their margins, being brought in by 
streams and worn by waves from the shore, but there are no 
tidal or other strong currents to sweep coarse waste out from 
shore to any considerable distance. Where fine clays are now 
found on the land in even, horizontal layers containing the 
remains of fresh-water animals and plants, uncut by channels 
filled with cross-bedded gravels and sands and bordered by 
beach deposits of coarse waste, we may safely infer the exist- 
ence of ancient lakes. 

Marl. Marl is a soft, whitish deposit of carbonate of lime, mingled 
often with more or less of clay, accumulated in small lakes whose feed- 
ing springs are charged with carbonate of lime and into which little 
waste is washed from the land. Such lakelets are not infrequent on the 
surface of the younger drift sheets of Michigan and northern Indiana, 
where their beds of marl — sometimes as much as forty feet thick — are 
utilized in the manufacture of Portland cement. The deposit results 
from the decay of certain aquatic plants which secrete lime carbonate 
from the water, from the decomposition of the calcareous shells of tiny 
mollusks which live in countless numbers on the lake floor, and in some 
cases apparently from chemical precipitation. 

Peat. We have seen how lakelets are extinguished by the 
decaying I'emains of the vegetation which they support A 
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section of such a fossil lake shows that below the gruwiiig 
mosses and other plants of the aiirface of the boy lies a spongy 
mass composed of dead vegetable tissue, which passes downward 
gradually into peat, — a dense, dark brown carbonaceous deposit 
m which, to the unaided eye, little or uo trace of vegetable 






^- - 



Fig. 82. IMj-giiig Peat, Sfutlaiid 

Structure remaina When diied, peat forms a fuel of some value 
and is used either cut into slabs and dried or pressed into biicks 
by machinery. 

When vegetation decays in open air the carbon of its tissues, 
taken from the atmosphere by the leaves, is oxidized and re- 
turned to it in its original form of carbon dioxide. But decom- 
posing in the presence of water, as in a b(^, where the oxygen 
of the air is excluded, the carbonaceous matter of plants accumu- 
lates in deposits of peat. 

Peat bogs are numerous in regions lately abandoned by glacier ice, 
where river systems are so immature that the initial depressions left in 
the sheet of drift spread over the country have not yet been drained. 
One tenth of the surface of Ireland is said to be covered mt.\i ^a.t, &vA 
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small bogs abound in the drift-covered area of New England and the 
states lying as far west as the Missouri River. In Massachusetts alone it 
has been reckoned that there are fifteen billion cubic feet of peat, the 
largest bog occupying several thousand acres. 

Much larger swamps occur on the young coastal plain of the Atlantic 
from New Jersey to Florida. The Dismal Swamp, for example, in 
Virginia and North Carolina is forty miles across. It is covered with a 
dense growth of water-loving trees such as the cypress and black gum. 
The center of the swamp is occupied by Lake Drummond, a shallow 
lake seven miles in diameter, with banks of pure peat, and still narrow- 
ing from the encroachment of vegetation along its borders. 

Salt lakes. In arid climates a lake rarely receives sufficient 
inflow to enable it to rise to the basin rim and find an outlet. 
Before this height is reached its surface becomes large enough 
to discharge by evaporation into the dry air the amount of 
water that is supplied by streams. As such a lake has no out- 
let, the minerals in solution brought into it by its streams 
cannot escape from the basin. The lake water becomes more 
and more heavily charged with such substances as common 
salt and the sulphates and carbonates of lime, of soda, and of 
potash, and these are thrown down from solution one after 
another as the point of saturation for each mineral is reached. 
Carbonate of Ume, the least soluble and often the most abundant 
mineral brought in, is the first to be precipitated. As concen- 
tration goes on, gypsum, which is insoluble in a strong brine, 
is deposited, and afterwards common salt. As the saltness of 
the lake varies with the seasons and with climatic changes, 
gypsum and salt are laid in alternate beds and are interleaved 
with sedimentary clays spread from the waste brought in by 
streams at times of flood. Few forms of life can live in bodies 
of salt water so concentrated that chemical deposits take place, 
and hence the beds of salt, gypsum, and silt of such lakes are 
quite barren of the remains of life. Similar deposits are pre- 
cipitated by the concentration of sea water in lagoons and arms 
of the sea cut off from the ocean. 
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Lafeea BonneTille and Lahontan. These names are given to extinct 
lakes ivbioli once occupied large areas in the (ireat Basin, the former in 
Utah, the latter in northwestern Nevada. Their records remain in old 
horizontal heach lines which they draw along their mountainoua shores 




Fjo, 83. Map of Lakes Bonneville and Lahontan 
From Davis' Fhymcal Geography 
at the different levels at which thej stood, and in the deposits of their 
beds. At its highest stage Lake Boaneville, then one thousand feet 
deep, overflowed to the north and was a freah-water lake. Ah it shrank 



below the outlet it became 
Lake, its withered residue, is ni 
its strong brine Ume carbonate 
is insoluble, and that brought 
in by streams is thrown down 
at once in the form of traver- 

Lake Lahontan never had an 
outlet. The first chemical de- 

o be made along its shores n 



) and more salty, and the Great Salt 
r depositing salt along its shores. In 



e deposits of travertine, in plac 



eighty feet thick. It« floor is spread with fine clays, which must have 
been laid in deep, still water, and which are charged "mt^i \be «!^\& 
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absorbed by them as the briny water of the lake dried away. These 
sedimentary clays are in two divisions, the upper and lower, each being 
about one hundred feet thick (a and c, Fig. 84). They are separated 
by heavy deposits of well-rounded, cross-bedded gravels and sands 
(b, Fig. 84), similar to those spread at the present time by the inter- 
mittent streams of arid regions. A similar record is shown in the old 
floors of Lake Bonneville. What conclusions do you draw from these 
facts as to the history of these ancient lakes? 

Deltas 

In the river deposits which are left above sea level particles 
• . of waste are allowed to linger only for a time. From alluvial fans 
and flood plains they are constantly being taken up and swept 
farther on downstream. Although these land forms may long 
persist, the particles which compose them are ever changing. 
We may therefore think of the alluvial deposits of a valley as a 
stream of waste fed by the waste mantle as it creeps and washes 
down the valley sides, and slowly moving onwards to the sea. 

In basins waste finds a longer rest, but sooner or later lakes 
and dry l)asins are drained or filled, and their deposits, if 
alxjve sea level, resume their journey to their final goal. It is 
only when carried below the level of the sea that they are 
indefinitely preserved. 

On reaching tliis terminus, rivers deliver their load to the 
ocean. In some cases the ocean is able to take it up by means 
of strong tidal and other currents, and to dispose of it in ways 
which we shall study later. But often the load is so large, or 
the tides are so weak, that much of the waste which the river 
brings in settles at its mouth, there building up a deposit called 
the delta, from the Greek letter (A) of that name, whose shape it 
sometimes resembles. 

Deltas and alluvial fans have many common characteristics. 
Both owe their origin to a sudden check in the velocity of the 
river, compelling a deposit of the load ; both are triangular in 
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outline the apex pointing upstream and both are traversed 
by distnbutanes which build up all parts in turn 

In a delta we may distmguiah deposits of two distinct kinds 
— the submanne and the aubaenal In part a delta is built of 
waste brought down by the river and redi'*tnbuted and spread 
bj wa^es and tides over the sea bottom adjacent to the nvers 
mouth. The ongm of these deposits is recorded m the rem 
of marine animals and 
plants which they con 
tain. 

As the submanne 
delta grows near to the 
level of the sea the dis- 
tnbutanes of the nver 
cover it with subaenal 
deposits altogether 
similar to thobc of the 
flood plam, of which 
indeed the aubaerial "•'■"■■ Mt" -"I" MM«lppl El,.r 
delta is the prolongation. Here extended deposits of peat may 
accumulate in swamps, and the remains of land and fresh-water 
animals and plants swept down by the stream are imbedded in 
the silts laid at times of flood. 

Borings made in the deltas of great rivers such as the Missis- 
sippi, the Ganges, and the Nile, show that the aubaerial portion 
often reaches a surprising tliickness. Layers of peat, old soils, 
and forest grounds with the stumps of trees are discovered 
hundreds of feet below sea level In the Nile delta some eiglit 
layers of coarse gravel were found interbedded with river silts, 
and in the Gardes delta at Calcutta a boring nearly five hun- 
dred feet in depth stopped in such a layer. 

The MiBsisaippi has built a ilelta of twelve thousand three hundred 
square miles, and ia pushing the natural embankments of its chief dis- 
tributaries into the Gulf at a maximum rate of a mile in sixteen years. 
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Muddy shoals surround its front, shallow lakes, e.g. lakes Pontchart- 
rain and Borgne, are formed between the growing delta and the old 
shore line, and elongate lakes and swamps are inclosed between the 
natural embankments of the distributaries. 

The delta of the Indus River, India, lies so low along shore that a 
broad tract of country is overflowed by the highest tides. The sub- 
marine portion of the delta has been built to near sea level over so wide 
a belt offshore that in many places large vessels cannot come even 
within sight of land because of the shallow water. 

A former arm of the sea, the Rann of Cutch, adjoining the delta on 
the east has been silted up and is now an immense barren flat of sandy 
mud two hundred miles in length and one hundred miles in greatest 
breadth. Each summer it is flooded with salt water when the sea is 
brought in by strong southwesterly monsoon winds, and the climate 
during the remainder of the year is hot and dry. By the evaporation 
of sea water the soil is thus left so salty that no vegetation can grow 

upon it, and in places beds 
of salt several feet in thick- 
ness have accumulated. 
Under like conditions salt 

Fig. 80. Kadial Section of a Delta ^^^^ °^ &^®** thickness 

have been formed in the 
This section of a delta illustrates the structure of , ^ a 

the platform whi(;h swift streams well loaded P^^^ *^" *^® °°^ ^^^^°^ 

with coarse waste build in the water bodies buried among the deposits 

into which they empty. Three members may Qf ancient deltas. 

be distinguished : the bottom set beds, a ; the 

fore set beds, b; and the top set beds, c. 

Account for the sloi)e of each of these. Why SubsidCIlCe Of gTCi&t 

are the bottom set beds of the finer material ^ |. a i 

and why do they extend beyond the others? dCltaS. AS a rule great 

How does the profile of this delta differ from deltas are slowlv sink- 

that of an alluvial cone, and why ? . -r • 

ing. in some instances 
upbuilding by river deposits has gone on as rapidly as the 
region has subsided. The entire thickness of the Ganges delta, 
for example, so far as it has been sounded, consists of deposits 
laid in open air. In other cases interbedded limestones and 
other sedimentary rocks containing marine fossils prove that at 
times subsidence has gained on the upbuilding and the delta 
has been covered with the sea. 
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It is by gradual depression that delta deposits attain enor- 
mous thickness, and, being lowered beneath the level of the 
sea, are safely preserved from erosion until a movement of the 
earth's crust in the opposite direction lifts them to form part of 
the land. We shall read later in the hard rocks of our continent 
the records of such ancient deltas, and we shall not be sur- 
prised to find them as thick as are those now building at the 
mouths of great rivers. 

Lake deltas. Deltas are also formed where streams lose their 
velocity on entering the still waters of lakes. The shore lines 
of extinct lakes, such as Lake Agassiz and Lakes Bonneville 
and Lahontan, may be traced by the heavy deposits at the 
mouths of their tributary streams. 



We have seen that the work of streams is to drain the lands 
of the water poured upon them by the rainfall, to wear them 
down, and to carry their waste away to the sea, there to be 
rebuilt by other agents into sedimentary rocks. The ancient 
strata of which the continents are largely made are composed 
chiefly of material thus worn from stUl more ancient lands — 
land§ with their hills and valleys like those of to-day — and 
carried by their rivers to the ocean. In all geological times, as 
at the present, the work of streams has been to destroy the 
lands, and in so doing to furnish to the ocean the materials 
from which the lands of future ages were to be made. Before 
we consider how the waste of the land brought in by streams 
is rebuilt upon the ocean floor, we must proceed to study the 
work of two agents, glacier ice and the wind, which cooperate 
with rivers in the denudation of the land. 



CHAPTER V 



THE WORK OF GLACIERS 



The drift. Tlie smface of uoitheasteni North America, as far 
soutli as the Ohin and Missrmri rivers, is geiiei-ally covered by 
thu drift, — a fcirmatiou which ia quite uolike any which we 
have so far atudiuil A section of it, such as that illustrated in 
Figure 87,ahows that for the most part it is unstratified, consisting 
(if clay, sand, pehbles, and even lai^e bowlders, all mingled pell- 
mell tt^ther. Tlie agent which laid the drift is one which can 
carry a load of material of all sizes, from the largest buwlder to 
the finest clay, and deposit it without sorting. 

The stones of the drift ai-e of many kinds. The region from 
which it was gatliered may well have lieen laige in unlcr to 




BOpply these many different varieties uf rocks. Pebbles and 
bowlders have been left far fi'om their original humea, as may 
be H^n ID southei'n Iowa, where the drift contains nuggets of 
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copper brought from the region about lake Superior. He 
agent which laid the drift ia one able to gather its load over a 
large area and carry it a long way. 

The peiiblea of the dri£t are unlike thuso rounded by running 

water or by waves. They are marked with scratches. Some 
are angular, many 
bad their edges 
blunted, while others 
have been ground 
flat and smooth on 
one or more sides, 
like gems which 
have l>een faceted 
by \ni'mg held fimdy 
iigaiust the lapi- 
dary's wheel (Fig. 
SS). Inmanyplacea 
ttie upper surface of 
Lbe country rock 
Ijeneath the drift 
baa been swept 
dean of residual 
clays and other 
waste. All rotten 
rock has been planed 
away, and the ledges 
of sound rock to which the surface has been cut down have 
been rubbed smooth and scratched with long, straight, parallel 
lines (Tig. 89). The agent which laid the drift can hold sand 
aud pebbles firmly in its grasp and cau grind thera against the 
rock beneath, thus planing it down and scoring it, while faceting 
the pebbles also. 

Neither water nor wind can do theae things. Indeed, noth- 
ing like the drift ia being formed by any process now at work 




iG. 89. .Smootlii'd and Scored Hock Siirfiii^e ex- 
[losc^d 10 Viuw by the lli^movivl iif Ovui-lyitig 
Drift, luwa 
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anywhere in the eastern Uiaited States. To find the agent which 
has laid this extensive formation we must go to a region of 
different cUmatic con- 
ditions. 

The inland ice of 
Greenland. Green- 
land is about fifteen 
hundred nules long 
and nearly seven hun- 
dred miles in greatest 
width. With the ex- 
ception of a narrow 
fringe of mountainous 
coast land, it is com- 
pletely buried beneath 
a sheet of ice, in shape 
like a vast white 
shield, whose convex 
surface rises to a 
height of nine thou- 
sand feet above the 
sea. The few explor- 
ers who have crossed 
the ice cap found it a 
trackless desert desti- 
tute of all life save 
such lowly forms as 
the microscopic plant 
which produces the 
so-called " red snow." On the smooth plain of the interior no 
rock waste relieves the snow's dazzling whiteness ; no streams 
of running water are seen ; the silence ia broken only by howl- 
ing storm winds and the rustle of the surface snow which they 
diive before them. Sounding with long po\ea, ex.-^Wttta SoA 
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. Maj) of Gretnland 

■ers all but the areas shaded 
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that l)elow the powdery snow of the latest snowfall lie suc- 
cessive layers of earlier snows, wliich grow more and more 
compact downward, and at last have altered to impenetrable 
ice. The ice cap formed by the accumulated snows of xmcoimted 
centuries may well be more than a mile in depth. Ice thus 
formed by the compacting of snow is distinguished when in 
motion as glacier ice. 

The inland ice of Greenland moves. It flows with imper- 
ceptible slowness under its own weight, like a mass of some 
viscous or plastic substance, such as pitch or molasses candy, in 
all directions outward toward the sea. Near the edge it has so 

thinned that mountain peaks are 
laid bare, these islands in the sea 
Fig. 91. Hypothetic Cross Sec- of ice being known as nunataks. 

tion of (Jreenland j^^^^ ^^^ ^^^^^ ^f ^j^^ ^^^^ 

belt it drains in separate streams of ice, or glaciers. The largest 
of these reach the sea at the head of inlets, and are therefore 
called tide (jlaciers. Their fronts stand so deep in sea water 
that there is \isible seldom more than three hundred feet of the 
wall of ice, which in many glaciers must be two thous«aid and 
more feet hi^^li. From the sea walls of tide glaciers great frag- 
ments break olf and float away as icebergs. Thus snows which 
fell in the interior of this northern land, perhaps many thou- 
sands of years ago, are carried in the form of icebergs to melt 
at last in the North Atlantic. 

Greenland, then, is bemg modeled over the vast extent of 
its interior not by streams of running water, as are regions in 
warm and humid climates, nor by currents of air, as are deserts 
to a large extent, l)ut l)y a sheet of flowing ice. What the ice 
sheet is doing in the interior we may infer from a study of the 
separate glaciers into wliich it breaks at its edge. 

The smaller Greenland glaciers. Many of the smaller glaciers 
of Greenland do not reach the sea, but deploy on plains of sand 
and gravel. Tlie edges of these ice tongues are often as abrupt 
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as if sliced away with a knife (Fig. 92), and their structure is 
thus readily seeiL They are stratified, their layera representing 
in part the successive suowfaUs of the interior of the country. 
The upper layers are commonly white and free from etonea; 
hut the lower layers, to the height of a huudred feet or more, 
are dark with d^hria which is Iteiiig slowly caiTied on. So 
thickly studded with stones is the base of t!ie ice that it is 




il; a liiceuland Glacier 
soiiieLimehp dilliuulL Ui dii-Liiif^iLish it from the rucU wiiaLu wliich 
has been slowly dragged beneath the glacier or left about its 
edges. The waste beneath and about the glacier is unsorted. 
Tile stones are of many kinds, and numbers of them have been 
yrnund to flat faoea Where the frout of the ice has retreated 
the rock surface is seen to be planed aud scored in places by 
the stones frozen fast in the sole of the glacier. 

We have now found in glacier ice an agent able to produce 
tjie drift of North America. The ice sheet of Greenland is now 
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doing what we have seen was done in the recent past in our 
own land. It is carrying for long distances rocks of znaiij 
kinds gathered, we may infer, over a lai-ge extent of country. 
It is laying down its load without assortment in unstratified 
de^wsits. It grinds down and scores the rock over which it 
moves, and in the process many of the pebhles of its load are 
themselves also ground smooth and scratched. Since tJiis work 
can be done by no other agent, we must conclude that the 
northeastern part of our own continent was covered in the 
recent past by glacier ice,, as Greenland is to-day. 

Valley Glaciers 

Tlie work of glacier ice can l)e most conveniently studied in 
the separate ice streams wliich creep down mountain valleys in 
many regions such as Alaska, the western mountains of the 
United States and Canada, the Himalayas, and the Alpa As 
the glaciers of the Ali)s have been studied longer and more 
thoroughlv than anv others, we shall describe them in some 
detail as examples of valley glaciers m all parts of the world 

Conditions of glacier formation. The condition of the great 
accunmlation of snow to whic^h glaciers are due — that more 
or less of each winter's snow should be left over unmelted and 
unevaporated to the next — is fully met in the Alpa There is 
abundant moisture 1 nought l)y the winds from neighboring seas. 
The cuiTents of moist air driven up the mountain slopes are 
cooled by their own expansion as they rise, and the moisture 
which they contain is condensed at a temperature at or below 
32® F., and therefore is i)recipitated in the form of snow. The 
summers are cool and their heat does not suffice to completely 
melt the heavy snow of the preceding winter. On the Alps 
the snow line — the lower limit of permanent snow — is 
drawn at about eight thousand five hundred feet above sea 
level. Above the snow line on the slopes and crests, where 
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these are not too steep, the snow lies the year round and g 
in valley heads to a depth of hundreds of feet. 

This is but a small fraetion of the thickness to wliiuh 
would he piled on the Alps were it not constantly 
(Irauied away. Ifelow the snow fields which mantle the h 
■(■ui*ied by glaciers which ext< 
the snow lina The pn 
ill the midst of foresl 
meadows and culti' 
fields of these tongi 
ice, ever melting ani 
fi-oiu year to year J 
none of theu' hul 
that their loss 
hi the only 
They am fed by sni 
above, whose surj 
siiuw they drain ] 
llie furm of ice. 
fiice of glaciers 1 
»u<\\v line is a claj 
thiit, rigid and 
as they appear, gW 
really are in constant n 
down valley. 

The a&v6 field. The head of an Alpine valley oecupi 
a glacier is commonly a broad amphitheater deeply filled 
snow (Fig. 93). Great peats tower above it, and snowy 
rise on either side on the flanks of mountain spurs. From 
heights fierce winds drift the snows into the ampliitheate 
avalanches pour in their torrents of snow and waste. The 
of the amphitheater is like that of drifts in late winter after 
successive thaws and freezings. It is made of hanl grain 
pellets and is called nevS. Beneath the surface of the 
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precipitations of hdow {ridq moist winds from the Indian Ocean. 
The heat kmtwn of the many immense glaciers of Alaska, the 
Muir, has an area of ahout eiyht Iimidiiid sijuare miles (Fig. 95). 



1 1 r~ 



Fio. (13. Diagram Blniwiii(j;Miiveiueiit Fifi.07. Diagram showiiiKMovBrnent 
lit Bow of Stakes ii, set iti a of Vertical Row of SlJikea o, wt 

direct line acroBt the Hurfacp of it on side of glacier 

glacier ; 6, c, and d, siicttssive 
taUr positions of the stakes 

Glacier motion. The motion of the glaciers of the Alpa seldom 
exceeds one or two feet a day. Large glaciers, because of the 
enormous pressure of their weight and because of less marginal 
resistance, move fn.'^ti'r than .small nncs. Tlie Muir advances at 
thii rate of seven 
feet a day, and some 
uf ihi- larger tide 
^laciurs of Greeii- 
liiiid are reported 
tn niiive at the ex- 
ceptional rate of 
filty feet and more 
i]i the same time. 

l>y day than by 
night, and in sum- 
mer than in winter. 




of a Glacier, Canada 



Other laws of glacier motion may lie discovered by a study of 
Figures 96 and 97. It is important to remember that glaciers 
do not shde bodily over their beds, Ijut urged by gravity move 
slowly down valley in somewhat the same way i 
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stream of thick mud. Although small pieces of ice are brittle, 
the large mass of granular ice which composea a glacier acts 
as a viscous substance. 




iG, 90. Longitudinal Sectirm of a Portion of a Fig. 100. Map View of 

Giacier, showing Transverse Crevasses Marginal Crevasses 

Creraasea. Slight changes of slope in the glacier bed, and the differ- 
ent rates of motion in different parts, produce tensions under which the 
ice cracks aiici opeiia iu great fisaures called crevasses. At an abrupt 
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descent in tlie bed the ice is shattered into great fragments, which 
unite again l>elow the icefall. Crevasses are opened on lines at right 
angles to the direction of the tension. Transverse crevasses are due to a 
convexity in the bed which stretches the ice lengthwise (Fig. 99). Alar- 
ginal crerasses are directed upstream and inwards; radial crevasses are 
found wliere the ice stream deploys from some narrow valley and 
spreads upon some more open space. What is the direction of the 
tension which causes eacli and to what is it due ? (Figs. 100 and 101.) 




Lateral and medial moraines. The surface of a glacier is 
strij)ed lengthwise by long dark bands of rock debris. Those in 

the center are called the medial mo- 
raines. The one on either margin is a 
lateral moraine, and is clearly formed of 
waste wliich has fallen on the edge of 
the ice from the valley slopes. A medial 
moraine cannot be formed in this way, 
since no rock fragments can fall so far 
out from the sides. But following it 
up the glacial stream, one finds that a 
medial moraine takes its beginning at 
tlie junction of the glacier and some 
tributary and is formed by the union 
of their two adjacent lateral moraines (Fig. 102). Each branch 
thus adds a medial moraine, and by counting the number of 
medial moraines of a trunk stream 
one may learn of how many 
branches it is composed. 

Surface moraines ap])ear in the 
lower course of the glacier as 
ridges, which may reach the ex- 
ceptional height of one hundred 
feet. The bulk of such a ridge is ice. It has been protected 
from the sun by the veneer of moraine stuff ; while the glacier 
surface on either side has melted down at least the distance of 



Fk;. 102. Mai) View of 
the .Junction of Two 
Branches of a (Ihicier 

The moraines are repre- 
sented hy hroken lines 
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Fk;. 103. Cross Section of a 
Glacier showing Lateral Mo- 
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the height of the liilge. In summer the lowering of the glacial 
surface by meltiug goes on rapidly. In Swiss glaciem it lias been 
estimated that the average lowering of the surface by melting 
and evaporation amounts to ten feet a year. As a moraine ridge 
grows higher and more steep by the lowering of the surface of 
the surrouniling ice, the stoims ttf its cover tuiid tu slip down 
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its aides. Thus moraines broaden, until near the terminus of a 
<;:lac,ier they may coalesce in a wide field of stuny waste. 

Englacial drift. This name is apphed to whatever debris is 
cai'rieil within the glacier. It consists of rock waste fallen on 
the u€\6 and tliere burieil by accumulations of snow, and of 
that engulfed in the glacier where creva.'j.ses have opened beneath 
a surface moraine. As the siirface of the glacier is lowered by 
melting, more or less englacial. dnft is brought again to open 
air. and near the terminus it may hel]) to bury tlie ice from 
view beneath a sheet of debris. 
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The ground moraine. Tlie drift dragged along at the glft- 
cier's base and lodged beneath it is known as the ground mo- 
raine. Part of the material of it has fallen down deep crevaflseB 
and part has been torn and worn from the glacier's bed and 
banks. Wliile the stones of the surface moraines remain m 
angular as when they lodged on the ice, many of those of tiie 
ground moraine have been blunted on the edges and &C6ted 
and scratched by being ground against one another and the 
rocky bed. 

In glaciers Ruch as those of Greenland, whose basal layers are well 
loaded with drift and whose surface layers are nearly clean, different 
layers have different rates of motion, according to the amount of drift 
with which they are clogged. One layer glides over another, and the 
stones inset in each are ground and smoothed and scratched. Usaally 
the sides of glaciated pebbles are more worn than the ends, and tho 
scratches upon them run with the longer axis of the stone. Why? 

The terminal moraine. As a ^'lacier is in constant motion, it 
brings to its end all of its load except such parts of the ground 
moraine as may find permanent lodgment beneath the ica 
Wliere the glacier front remains for some time at one place, 
there is formed an accumidation of drift known as the terminal 
moraine. In valley glaciers it is shaped by the ice front to a 
crescent whose convex side is downstream. Some of the peb- 
bles of the terminal moraine are angular, and some are faceted and 
scored, the latter having come by the hard road of the ground 
moraine. The material of the dump is for the most part 
unsorted, though the water of the melting ice may find oppor 
tunity to leave patches of stratified sands and gravels in the 
midst of the unstratified mass of drift, and the finer matmal 
is in places washed away. 

Glacier drainage. Tlie terminal moraine is commonly breached 
by a considerable stream, which issues from beneath the ice 
by a tunnel whose portal has been enlarged to a beautiful 
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archway by melting in the euu and tlie warm air (Fig. 1 07). The 
stream is gray with silt and loaded with sand and gravel washed 
from the ground moraine. " Glacier inilk " the Swiss call this 
muddy water, the gray color of whose silt [iroves it rock flour 
frt^Hlily ground hv the ice [i<ira the uiiiixidiKod sound riH.-k of its 




bed, the mud of streams being yellowish when it is washed 
from the oxidized mantle of waste. Since glacial sti'eams are 
well loaded with waste due to vigorous ice erosion, the valley 
in front of the glacier is commonly aggraded to a broad, flat 
floor. These outwash deposits are known as valley drift. 

The sand brought out by Btreams from beneath a gluflier diFEera from 

river sand in that it consists of freshly broken angular grains. Why? 

The stream derives its water chiefly from the surface melting of 

the glacier. As the ice is touched ^ij ttw mja ut tlw morning ai 
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', water gathers la poola and nils truckle and unite in brooklets 
Tchich. Dielt and cut slialluu channels in the hlue ice The comae of 
these streaniH is short Soon they J lunge into deep wells out by their 
ulurliug waters where some irfi ibsb has begun tc open across their 
path These wells lead iiitt chjinbcra <iud tunnelb b\ whith sooner 
ir later their waters find v,-\\ 
to th« roik floor of the ialli'\ ^S /^^fi, 
diid theru uuite m a siibglati^l 

The lower limit of gla- 
ciers. TheylaeiersufarcginiL 
ilu not by any mi?iinH end 
ill a iinilorm haight aliovi-. 
i^ua levtiL Eaiih ttiriuiiiates 
whore its supply is balaucttd 
I ly melting. Those therefore 
wliich an! fed by the lai*gL-st 
and deepest n^v^s and those 
also which are best protected 

from the aim liy a northwanl exposure or by the depth of their 
inclosing valleys flow to lower levels than those whose supply 
is less and whose exposure to the sun is greater. 

A series of cold, moist years, with an abundant snowfall, 
causes glaciers to thicken and advance ; a series of warm, dry 
years causes them to wither and melt back. The variation 
in glaciers is now carefully observed in many parts of the 
world. The Muir glacier has retreated two miles in twenty 
years. Tlie glaciers of the Swiss Alps are now for the most part 
melting back, although a well-known glacier of the eastern 
Alps, the Vernagt, advanced live hundred feet in the year 
1900. and was then plowing up its terminal moraine. 

How soon would you expect a glacier to advance after its niv4 fialda 
liave been swollen with unusually heavy siiows, aH compared with the 
time needed for the flood of a large rivKr to reach its mouth aSXif\ 
heavy rains upon its headwaters ? 
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On the aurfitce of glaciera in summer time one m&y often see larg« 
■tones supported by pillars of ice several feet in height (Fig. lOS). 
These "glacier tables'* commonly slope more or leaa strongly to the 
south, and thus may be used to indicate 
roughly the points of the compass. Can you 
explain their formation and the direction 
of their slope? Oii«the other hand, a small 
and thin stone, or a patch of dust, lying 
jm the ice, tends to sink a few inches into it. 
Why? 
valley glcicier like a mountain stream which 




i. 108. A Glacier Table ■ 



In what respects is a v 
flows out upon desert plai 

Two confluent glaciers do not mingle their currents as do two cou- 
fluent rivers. What characteristics of surface moraines prove this fact? 

What effect would you expect the laws of glacier motion to have 
on the slant of the sides of transverse crevasses? 




Fig. 100. Map of Malaspina Olacier, Alaska 



A trunk glacier-has four medial 



Of how many tributaries 



is it composed? Illustrate bv^^iigr 

State all the evidences whiiS you have found that glaciers move. 
It a, glacier melts back with occasional pauses up a valley, what 
records are left of its retreat? 
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Piedmont CJlacieks 

The Ualaspina glacier, i'ledmont (foot of the moimtain) 
glaciers are, aa the name implies, iue fields formiid at the foot of 
momitaiiis by the confluence of valley glaciers. The Malaspiiia 
glacier uf Alaska, the typical glacier of this kind, is seventy 
miles wide and stretuhea for thirty miles from the foot of the 
Mount Saint Ehas range to the shore uf the Pacific Ocean, The 
valley glaciers which unite aiid sjiread to form this lake of ice lie 
ahove the snow line and their moraines are concealed beneath 
a€v&. The central 
area of the Malaa- 
pioa 18 also free 
from debris ; but 
on the outer edge 
laige quantities of 
englacial drift are 
exposed by surface 
melting and form a 
belt of morainic 
waste a few feet 
thick and several 
miles wide, covered 
in part with a lux- 
uriant forest, be- 
neath which the ice ia in places one thousand feet in depth. 
The glacier here is practically stagnant, and lakes a few hundred 
yards across, which could not exist were the ice in motion and 
broken with crevasses, gather on their beds sorted waste from 
the moraine. The streams wliich drain the glacier have cut 
their courses in englacial and sidiglacial tunnels ; none flow for 
any distance on the surface. Tlie largest, the Yahtse Eiver, 
issues from a high archway in tlie ice, — a muddy torrent one 
hundred feet wide and twenty feet deep, loaded nji^ Basift.«sA 
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stones which it deposits in a broad outwash plain (Fig. 110). 
Where the ice has retreated from the sea there is left a hum- 
mocky drift sheet with hollows filled with lakelets. These 
deposits help to explain similar hummocky regions of drift 
and similar plains of coarse, water-laid material often foimd in 
the drift-covered area of the northeastern United States. 

The GKOLociiCAL Work of Glacier Ice 

The sluggish glacier must do its work in a different way 
from the agile river. The iiiouiitain stream is swift and small, 
and its channel occupies but a small portion of the valley. 
The glacier is slow and big; its rate of motion may be 
less than a millionth of that of running water over the same 
decHvity, and its bulk is proportionately large and fills the 
valley to great depth. Moreover, glacier ice is a solid body 
plastic under slowly applied stresses, while the water of rivers 
is a nimble fluid. 

Transportation. Valley glaciers differ from rivers as carriers 
in that they float the major part of their load upon their surface, 
transporting the heaviest bowlder as easily as a grain of sand; 
while streams push and roll nuich of their load along their beds, 
and tlieir power of transporting waste depends solely upon their 
velocity. The amount of the surface load of glaciers is limited 
only by the amount of waste received from the moimtaiw sloyies 
above them. The moving floor of ice stretched high across a 
valley sweeps along as lateral moraines much of the waste 
which a mountain stieam would let accumulate- in talus and 
alluvial cones. 

Wliile a valley glacier carries mucli of its load on top, an ice 
sheet, such as that of Greenland, is free from surface d6bns, 
except where moraines trail away from some nunatak. If at its 
edge it breaks into separate glaciers which drain down mountain 
valleys, these tongues of ice will carry the selvages of waste 
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common to valley glaciers. Both ice sheets and valley glaciers 
drag on large quantities of rock waste in their ground morainea 

Stones transported by glaciers are sometimes called erratics. 
Such are the bowlders of the drift of our northern statea 
Erratics may be set down in an insecure position on the melting 
of the ice. 

Deposit. Little need be added here to what has already been 
said of groimd and terminal moraines. All strictly glacial 
deposits are imstratified. The load laid down at the end of a 
glacier in the terminal moraine is loose in texture, while the 
drift lodged beneath the glacier as ground moraine is often an 
extremely dense, stony clay, having been compacted under the 
pressure of the overriding ice. 

Erosion. A glacier erodes its bed and banks in two ways, — 
by abrasion and by plucking. 

The rock bed over which a glacier has moved is seen in places 
to have been abraded, or ground away, to smooth surfaces which 
are marked by long, straight, parallel scorings aligned with the 
line of movement of the ice and varying in size from hair lines and 
coarse scratches to exceptional furrows several feet deep. Clearly 
this work has been accomplished by means of the sharp sand, 
the pebbles, and the larger stones with which the base of the 
glacier is inset, and which it holds in a firm grasp as running 
water cannot. Hard and fine-grained rocks, such as granite and 
quartzite, arfe often not only ground down to a smooth surface 
but are also highly poHshed by means of fine rock flour worn 
from the glacier bed. 

In other places the bed of the glacier is rough and torn. The 
rocks have been disrupted and their fragments have been carried 
away, — a process known as plucking. Moving under immense 
pressure tiie ice shatters the rock, breaks ofif projections, presses 
into crevices and wedges the rocks apart, dislodges the blocks 
into which the rock is divided by joints and bedding planes, and 
freezing fast to the fragments drags them on. In this work the 
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and thawing of subglacial waters in any cracks and 

of the rock no doul)t play an important part. Pluck- 

.ra eapecially where the bed rock is weak because of 

close jointing. The product of pluckhig is bowklers, while the 

product of alirasion is (ine rock flour and sand. 

Is the grmiiid irioniiue of Figure 87 due chiefly to abrasion or to 
plucking 'I 

Roches moutonn^es and rounded hills. The prominences left 
li('twui.'n Lhi; Imllows dut; to plucking are commonly ground 
down and rounded on 
the stosa (aide, — the 
side from which the ice 
advances, — and soine- 
tiiuea on the opposite, 
tlie lee side, as well. In 
this way the bed rock 
often comes to have a 
billowy surface known 
as roches mou tonuses 
(sheep rocks). Hills 
overridden by an ice 
sheet often have simi- 
larly rounded contours on tiie stoss side, while on the lee side 
they may be craggy, either because of plucking or because here 
they have been less worn from their initial profile (Fig. 1 12). 

The directioa of glacier movement. The direction of the flow 
of vanished glaciers and ice sheets is recorded both in the dif- 
ferences just mentioned in the profiles of overridden billa and 
also in the minute detads of the glacier trail. 

Flint nodules or other small prommences in the bed rock are 
found more worn on the stoss than on the lee side, where indeed 
they may have a low cone of rock protected by them from 
abrasion. Cavities, on the other hand, have their edges worn on 
the lee aide and left sharp upon the stoss. 
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Surfaces worn and toru in the ways which we have mentioned 
are said to be gltuiattd. But it nmst not be siippoaed that a 
glacier everywhere glaciates its lied. Although in places it acts 
a3 a rasp or as a pick, in others, and especially where its pressure 
is least, as near the terminus, it moves over its bed in the manner 
of a sled. Instances are known where glaciers have advanced 
o\-er dejioaits of sand and gi-avel without disturbing them to 
any notable degree. Like a river, a glacier does not everywhere 
erode. In placi 
leaves its bed 
disturbed ant 
places aggrade, 
by deposits of the 
ground moraine. 

Cirques. Valley 
glaciers commonly 
head, as we have 
seen, in broad am- 
phitheaters deeply filled with snow and ice. 




On 



1 mountains now 
destitute of glaciers, but whose glaciation shows that tliey have 
supported glaciers in the past, there are found similar erescentic 
hollows with high, precipitous walls and glaciated iloors. Their 
floors are often basiued and hold lakelets whose deep and quiet 
waters I'eflect the sheltering ramparts of rugged rock which 
tower far above them. Such mountain hollows are termed 
cirques. As a powerful spring wears back a recess in the val- 
ley side where it discliai^s, so the fountain head of a glacier 
gradually wears back a cirque. In its slow movement the ii6v6 
field bi-oadly scours its bed to a flat or basined floor. Mean- 
while the sides of the valley head are steepened and driven back 
to precipitous walls. For in winter the crevasse of the berg- 
Bchrund which surrounds the nf5v6 field is filled with snow and 
the nfiv^ is frozen fast to the rocky sides of the valley. In early 
summer the n6v6 tears itself fi-ee, dislodging and removing 
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any loosened blocks, and the open fiaaure of the bergschrund . 
allows rrost and other agencies of weathering to attack the un- 
protected rock. As cirques are thus fiirnied and enlarged the 
peaks beneath which they lie are sharpened, and the mountain 
ereats are scalloped aud cut hack from either aide to knife-edged 
ridges (Figi3. 113 and 93). 

In the western mountams of the United States many cirques, 
now empty of n€v6 and glacier ice, and known locally as 
" basing" testify to the fact that in recent times the snow line 
stood beneath the levels of their floors, aud thus far below its 
present altitude. 

Glacier troughs. The channel worn to accommodate the big 
imd clumsy glacier differs markedly from the river valley cut 




iia with a saw by the narrow and flexible stream aud widened 
by the weather and the wash of I'ains. The valley glacier may 
easily be from one thousand to three thousand feet deep and 
from one to thi'ee miles wide. Such a ponderous bulk of slowly 
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moving ice d<jes iiot reatliiy adapt itself to sharp turns and a 
narrow bed. By scouring anil plucking all resisting edges it de- 
velops a fitting channel with a wide, flat floor, and steep, smooth 
aides, above wliich are seen the weathered slopes of stream-worn 
mountain valleys. Since the trunk glacier requires a deepM 
channel than do its branches, the bed of a branch glacier enters 
the main trough at some distance above the floor of the latter, 




although the surface of the two ice streams may be accordant 
Glacier trouglis can be studied teat where lai'ge glaciers have 
recently melted completely away, as is the case in many valleys 
of the mountains of the western "United States and of central 
and noithcrn Europe (Fig. 114). Tlie typical glacier trough, as 
shown in such examples, is U-shaped, with a broad, fiat fiotir, 
and high, steep walla. Its wtxlls are little broken by pnjjecting 
spurs and lateral ravines. It ia as if a V-valley cut by a river 
had afterwards been gouged deeper with a gigantic chisel, wid- 
ening the floor to the width of the chisel blade, cutting back the 
spurs, and smoothing and steepening the sides. A river valley 
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could only be as wide-floored as tliia after it had long been 
worn down to grada 

The floor of a glacier trough may uot be graded ; it is often 
interrupted by irr^ular ate[« perhaps hundreds and even a 
thousand feet in height, 
over which the stream that 
now drains the valley tum- 
bles in waterfalls. Reaches 
between the steps are often 
hasined. Lakelets may 
occupy hollows excavated 
in solid rock, and other lakes 
may be held behind termmal 
morainee left as dams across 
the valley at pauses in the 
retreat of the glacier. 

FJoids are glacier troughs 
now oocnpied in part or wholly 
by the sea, either becauae they 
were excavated by a tide glacier 
to their present depth below 
Bea level, or because of a suli- 
niergence of the land. Their 
cliaract^riatic form is that of a 
long, dei!p, narrow bay with 
Gt«ep rock walls and basiiied 
floor (Fig. nr>). Fjords are 
found only in regions which have HiiffereJ gl 
and Alaska. 

Hanging valleys. Tliese are lateral valleys which open on 
their main valley some distance above its floor. They are con- 
spicuous features of glacier troughs from wliich the ice has van- 
ished ; for the trunk glacier in widening and deepening Ita 
cliannel cut its bed below the bottoms of the lateral valleys 
(Fig. 116). 




i, no 4 V R I r \ illtv witl \ ill J 
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Since the inoutha of liaiiguig valleya are suspended on tlio 
walls of the glacier truiigb, their streams are oompellej lo 
plunge d(»WTi its steep, higli sidea iB waterfalls. Some of the 
loftiest and most beautiful waterfalla of the world leap from 
hanging valleys, — among them the celehrated Staubbach of the 
Lauterbrunnen valley of Sivitzerland, and those of the fjords 
of Norway and Alaska (Fig. 117). 

Hanging valleys are found also in river goi^s where the 
smaller tribi>taries have not been able to keep pace with a 
strong master stream in 




1 with that of the maui river. The Grand Canyon of t 
Colorado must be reckoned a young valley. At its base it nar- 
rows to scarcely more than the width of the river, and yet ita 
tributaries, except the very smallest, enter it at a common level 



Why could not a wide-floored valley, such aa a glacier trough, with 
hanging valleys opening ujiod it, be produced in the liormal develop- 
ment of a river valley? 

The troughs of young and of mature glaciers. The features of a glacier 
trough depend muoh on the length of time the preesistiiig valley was 
occupied with ice. During the infancy of a glacier, we may believe, the 
spurs of the valley which it fills are but .little blunted and its bed is 
but little broken by steps. In youth the glacier develops icefalla, ae a 
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river in youth develops waterfalls, and its bed becomes terraced with great 
stairs. The mature glacier, like the mature river, has effaced its falls and 
smoothed its bed to gi*ade. It has also worn back the projecting spurs 
of its valley, making itself a wide channel with smooth sides. The bed 
of a mature glacier may form a long basin, since it abrades most in its 
upper and middle course, where its weight and motion are the greatest. 
Near the terminus, where weight and motion are the least, it erodes 
least, and may instead deposit a sheet of ground moraine, much as a 
river builds a flood plain in the same part of its course as it approaches 
maturity. The bed of a mature glacier thus tends to take the form of a 
long, relatively narrow basin, across whose lower end may be stretched 
the dam of the terminal moraine. On the disappearance of the ice the 
basin is filled with a long, narrow lake, such as Lake Chelan in Wash- 
ington and many of the lakes in the Highlands of Scotland. 

Piedmont glaciers apparently erode but little. Beneath their lake- 
like expanse of sluggish or stagnant ice a broad sheet of ground 
moraine is probably being deposited. 

Cirques and glaciated valleys rapidly lose their characteris- 
tic forms after the ice has withdrawn. The weather destroys 
aH smoothed, polished, and scored surfaces which are not pro- 
tected beneath glacial deposits. The oversteepened sides of the 
trough are graded by landslips, by talus slopes, and by alluvial 
cones. Morainic heaps of drift are dissected and carried away. 
Hanging valleys and the irregular bed of the trough are both 
worn down to grade by the streams which now occupy them. 
The length of time since the retreat of the ice from a mountain 
valley may thus be estimated by the degree to which the destruc- 
tion of the characteristic features of the glacier trough has been 
carried. 

In Figure 104 what characteristics of a glacier trough do you notice? 
What inference do you draw as to the former thickness of the glacier? 

Name all the evidences you would expect to find to prove the fact 
that in the recent geological past the valleys of the Alps contained far 
larger glaciers than at present, and that on the rforth of the Alps the 
ice streams united in a piedmont glacier which extended across the 
plains of Switzerland to the sides of the Jura Mountains. 
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The relative importance of glaciers and of rivers. Powerful 
as glaciers are, and marked as are the land forms which they 
produce, it is easy to exaggerate their geological importance as 
compared with rivers. Under present climatic conditions they 
are confined to lofty moimtains or polar lands. Polar ice 
sheets are permanent only so long as the lands remain on 
wliich they rest. Moimtain glaciers can stay only the brief 
time during which the ranges continue yoimg and high. As 

lofty moimtains, 
such as the Sel- 
kirks and the 
Alps, are lowered 
by frost and 
glacier ice, the 
snowfall will de- 
crease, the line 
of permanent 
snow will rise, 
and as the mountain liollows in which snow may gather are 
worn beneath the snow line, the ^^aciers must disapj)ear. Under 
present climatic conditions the work of glaciers is therefore both 
local and of short duration. 

Even the glacial epoch, duiing which vast ice sheets depos- 
ited drift over northeastern North America, must have been 
brief as well as recent, for many lofty mountains, such as the 
Rockies and the Alps, still bear the marks of great glaciers 
which then filled their valleys. Had the glacial epoch been 
long, as the earth counts time, these mountains would have 
been worn low by ice ; had the epoch been remote, the marks 
of glaciation would already have been largely destroyed by 
other agencies. 

On the other hand, rivers are well-nigh universally at work 
over the land surfaces of the globe, and ever since the dry land 
appeared they have been constantly engaged in leveling the 



Fkj. 118. Loiif^itudinal Section of a Tide Glacier occu- 
pying a P'jonl and discharging Icebergs 

Dotted line, sea level 
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sontinents and in delivering to the seas the waste which there 
is built into the stratified rocks. 

Icebergs. Tide glaciers, such as those of Greenland and Alaska, 
are able to excavate their beds to a considerable distance below 
sea leveL From their fronts the buoyancy of sea water raises 
and breaks away great masses of ice which float out to sea as 
icebergs. Only about one seventh of a mass of glacier ice floats 
above the surface, and a berg three hundred feet high may be 
estimated to have been detached from a glacier not less than 
Dwo thousand feet thick where it met the sea. 

Icebergs transport on their long journeys whatever drift they 
may have carried when part of the glacier, and scatter it, as 
bliey melt, over the ocean floor. In this way pebbles torn by the 
inland ice from the rocks of the interior of Greenland and gla- 
3iated during their carriage in the ground moraine are dropped 
it last among the oozes of the bottom of the North Atlantic. 



ClIAT'TKi; VI 



THE WORK OF THE WIND 



We are now ti> stud)' the geological work of the currents of 
the atmc)s[ihL'i'e. iiutl to learn how they erode, aud transport aud 
deposit waste as they sweep over the land. lilustratioua of the 
wind's work are at hand in dry weather ou any windy day. 
Clouds of dust are raised 
from the street and 
driven along by the gale 
Here the roadway is 
swept bare; and there, 
ill sheltered places, the 
dust settles in little 
windixjws. The erosive 
] M iwer of waste-laden cur- 
TL-nts of air is suggested 
iis the sharp grains of 
tlyiiig sand sting one's 
face or clatter against 
the window. In the 
country one sometimes 
Aocoimt lor the mounds nf sand on which thu sees the dust whirled m 
clumps of hrusli are growing clouds from dry, plowed 

fields in spring and left in the lee of fences in small diifts 
resembling in foi-m those of snow in winter. 

The essential conditions fur the wind's conspicuous work are 
illustrated in these simple examples ; they are aridity and the 
absence of v^etation. In humid climates these conditions are 
only rarely and locally met ; for the most part a thick growth 




n in a Deaert, 
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of vegetation protects the moist soil from the wind with a cover 
of leaves and stems and a mattress of interlacing roots. But 
in arid regions either vegetation is wholly lacking, or scant 
^owths^re foimd huddled in detached climips, leaving inter- 
spaces of unprotected groimd (Fig. 119). Here, too, the mantle 
of waste, which is formed chiefly under the action of temperature 
changes, remains dry and loose for long periods. Little or no 
moisture is present to cause its particles to cohere, and they 
are therefore readUy lifted and drifted by the wind. 

Transportation by the Wind 

In the desert the finer waste is continually swept to and fro 
by the ever-shifting wind. Even in quiet weather the air heated 
by contact with the hot sands rises in whirls, and the dust is 
lifted in stately columns, sometimes as much as one thousand 
feet in height, which march slowly across the plaui. In storms 
bhe sand is driven along the ground in a continuous sheet, 
while the air is filled with dust. Explorers tell of sand storms 
in the deserts of central Asia and Africa, in which the air grows 
murky and suffocating. Even at midday it may become dark 
eis night, and nothing can be heard except the roar of the 
blast and the whir of myriads of grains of sand as they fly 
past the ear. 

Sand storms are by no means uncommon in the arid regions of 
the western United States. In a recent year, six were reported from 
Yuma, Arizona. Trains on transcontinental railways are occasionally 
blockaded by drifting sand, and the dust sifts into closed passenger 
coaches, covering the seats and floors. After such a storm thirteen car 
loads of sand were removed from the platform of a station on a western 
railway. 

Dust falls. Dust laimched by upward-whirling winds on the 
swift currents of the upper air is often blown for hundreds of 
miles beyond the arid region from which it was taken. Dust 
falls from western storms are hot unknown even a^ far east as 



r 



146 



THE ELEMENTS OF GEOLOGY 



the Great Lakes. In 1896 a "black snow" (ell in Chicago, 
and in another dust storm in the same decade tlie amount ol 
dust carried in the air over Rock Island, Ul., was estimated at 
more than one thousand tons to the cubic mile. 




■ as 

^^^^ are 

^^Wet 



In March, lOOL a cyclonic Htorm carried vH^t qunntities of dust from 
the Sahara northward across the Mediterranean to fall over aouthera 
and central Euroi>e. On March 8tli dust storraa raged ia Buathem 
Algeria; two days later the dust fell in Italy; and on the lUh it 
had reached central Germany and Denmark. It if) estimated that in 
these few days oiie million uiglit hundred thousand tona of waste ■were 
carried from northern Africa and deposited on European soil. 

We may see from these examples the importance of the wind 

as an agent of transportation, and how vast in the aggregate 

are the loads which it carries. There are striking differences 

itween air and water as carriers of waste. Rivers flow in fixed 
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and narrow cliaiinels to definite goals. The cliamielless sti-eams 
of the air sweep across broad areas, and, shifting about continu- 
ally, carry their loads back and f ortli, now in one direction and 
now in another. 



Wind Deposits 

The mantle of waste of deserts is rapidly sorted by the wind. 
The coarser rubbish, too heavy to be lifted into the air, is left 
to strew wide tracts with residual gravels (Fig. 120). The sand 
derived from the disintegration of desert rocks gathers in vast 
fields. About one eighth of the surface of the Sahara is said 
to be thus covered with driftuig sand. In desert mountains, as 
those of Sinai, it lies like fields of snow in the high valleys 
below the sharp peaks. On more level tracts it accumulates 
in seas of sand, sometimes, as in the deserts of Arabia, two 
hundred and more feet deep. 

Danes. The sand thus accumulated by the wind is heaped 
hi wavelike hills called dunes In the desert if northwestern 
India, where the p 
alent wind is of great 
strength, the sand s 
laid iit longitud nal 
dunes, i.e. in stripes 
running parallel v th 
the direction of the 
wind; but commo Ij 
dunes lie, like npple 
marks, transverse to the 
wind current. On the 
windward side they 
show a long, gentle elope, up wliich grains of sand can readily 
l>e moved; while to the lee their sloj* is frequently as great 
as the angle of repose (Fig, 122). Dunes whose sands are not 
fixed by vegetation travel slowly with the wiud ; for their 
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jud lake shores the wind drives inland the surface sand 
(■ between tides and after storais, piling it in dunes wliich 
Bjovade forests and fields and 
I villages beneath their slowly 
icing waves. On flood plains Fmi. 1:^4. (.^rtasSeciii.nnfTranE*- 
fag summer droughts river de- J'.'^f". '^""^ '^^""" ''^"'"^'^' "^ 
posits are often worked over by „ , „ ^ . . 

■' Kairaw diagram, showuiB by 

the wind ; the sand is heaped in dotwd line tho original cmiiine 
hummocks and mueh of the line "^ '''* '^'^^ 
silt is caught and held by the forests ami giassy lields of the 
bordering Mils. 

The sand of shore dunes ditfers little in composition and the 
shape of its grains fi'om that of the beach from whicli it was 
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derived. But in deserts, by the long wear of grain on grain as 
they are blown hither and thither by the wind, all soft minerals 
are ground to powder and the sand comes to consist almost 
wholly of smooth luund grains of hard q^uartz. 
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Some marine sandstones, suoli as the .St. Peter sandstone of 
the upper Mississippi valU-y, are composed so entirely of polished 
Bpherules of quartz that it hits Ix't-n believed hy some that their 
grains were long lilowu alxjut iu ancient deserts before they were 
deposited in the sea. 

Dust deposits. As desert sands are composed almost wholly 
of (juartz, we may ask what has become of the softer minerals 
of which the ri»iks whose disintegration has supplied the sand 
were iu part, and 
often iu large pait, 
composed. The 
yufter minerals have 
Ijeen ground to 
jiowder, and little 
hy little the quarta 
sand also is worn l)j" 
jittritiun to fine dasL 
Yet dust deposits are 
scant and few in 
great deserts such 
as the Sahara. The 
finer waste is blown 
beyond its limits and ' 
laid in adjacent oceans, where it adds to the muds and ooees of 
their floors, and on borderhig steppes and forest lands, wliere it 
is bound fast by vegetation and slowly accmnidates in deposit's 
of unstratified loose yellow earth. The fine waste of the Sahara 
has been identified in dredguigs from the bottom of the Atlantic 
Ocean, taken hundreds of mile, from the coast of Africa. 

Loess. In northern China an ai'ea as lai^ as France is deeply 

with a yellow pulverulent earth called loess (German, 

i), which many consider a dust deposit blown from the gi'eat 

ilian desert lying to the west. Loess mantles the recently 

id mountains to the height of eight thousand feet and 
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1 the plains uearly to sea level. Its texture and lack 
of stratification give it a vertical cleavage ; hence it stands in 
steep cliffs on the sides of the deep and narrow trenches which 
have been cut in it by streams. 

On loesB hUUideB in China are tliousandB of villages whose cavelike 
dwellings have been exuavated in this soft, yet firm, dry loam. Whilt 
dust fallB are common at the present time in this region, the loess is 
now being rapidly dennded by streams, and ita yellow ailt gives name 
to the muddy Ilwang-ho (Yellow River), and to the Yellow Sea, whose 
waters it discolors for scores of miles from shore. 

Wind deposits hoLh of dust and uf sand may he expected to 
contain the remains of land shells, bits of wood, and hones of 
land animals, testifying to the fact that they were accumulated 
in open air and not in the sea or in bodies of fresh water. 

Wind Kiiijsios 




Sand-laden currents of air alirade and smooth and polish 
exposed rock surfaces, acting in much tlie same way as does the 
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jet o£ steam fed with sharp sand, which is used in the manu- 
facture of ground glass. Indeed, ui a smgle storm at Cape God 
a plate glass of a lighthouse was so groimd by flying sand that 
its transparency was destroyed and its removal made necessary-. 
Telegrajili poleH and wires whetted by wind-blown sands aw 
desti'oyeil withiii a few years. In rocks of unequal resistance the 
harder ]iarf« are left in relief, while the 
softer are etched away. Thus in the pass 
of Sau Bernardino, Cal., through which 
strong winds stream from the west, crjB- 
talfi of garnet are left projecting on deli- 
cate rock fingers from the softer rock in 
which they were imbedded. 

Wind-carved pebbles are characteristic- 
ally planed, the facets meeting along !> 
sutntriit ridge or at a point like thai dI 
a pyramid. We may suppose that thew 
facets were ground by prevalent winds 
from certain directions, or that from tine 
to time the stone was undemiined imd 
rolled over as the sand beneath it wai 
blown away on the windward side, thus 
esposing fresh surfaces to the driving 
sand. Such wind-carved pebbles are sometlraea found in ancient rocks 
and may be accepted as evidence that the sands of which the rocks we 
composed were blown about by the wiml. 

Deflation. In the denudation of an arid region, wind erosion 
is comparatively ineffective aa comjiareil with deflation (Latin, 
(k, from; Jlare, to blow), — a term iiy wliich is meant the wju- 
staiit removal of waste hy the wind, leaving the rocks hare to 
the continuous attack of the weather. In moist climates denii- 
datiou is continually impeded by tiie mantle of waste and tto 
cover of vegetation, and the laud surface can be lowered no 
faster than the waste is removed by running water. Deep 
residual soils come to protect all regions uf moilerate slope, 
coDcmling from view the rock structure, and the Yaiioas 




a. 128. A Wind-Carved 
Pebble, Cape Cod 
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of the land are due more to the aj^encies of erosioQ aud traus- 
portation than to differences ui the resistance of the under- 
lying rocks. 

But in arid regions the mantle is rapidly removed, even from 
well-nigh level plains aud plateaus, by the sweep of the wuid 
and the wash of occasional rains. The geological structure of 
these regions of naked rock can be read as far as the eye can see, 
and it is to this structure that the forms of the land are there 




1 ]^0 Me A \ enl (. utoiu lo 

In the d Stan e on the left aro 1 l^h voli inic mo nln ns O tl e ex- 
treti e rl(,ht are seen outl era of strata wl h ouus overe^l the re^ u uC 
the mesa 

^ai^ly due. In a land mass of horizontal strata, for example, 
ioy softer surface rocks wear down to some underlying, resist- 
int stratum, and this for a while forms the surfaee of a level 
:>latean (Fig. 129). The edges of the capping layer, together with 
,hose of any softer layers beneath it, wear back in steep cliffs, 
lissected by the valleys of wel>weather streams and often swept 
:jare to the' base by the wind. As they are little protected 
Dy talus, which commonly is removed about as fast as formed, 
:hese escarpments and the walls of the valleys retreat indefi- 
aitely, exposing some hard stratum beneath which forms the 
loor of a widenii^ terrace. 

The high plateaus of northern Arizona and southern Utah 
;Fig. 130), north of the Grand Canyon of the CuYoiaio ^Ne,\,a.tft 
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composed of stratified rocks more than ten thousand feet thick 
and of very gentle inclmation noithward. From the broad plat- 
form in wliich the canyon has been cut rises a series of gigantic 
stairs, which are often more than one thousand feet high and 
a score or more of miles in breadth. The retreating escarp- 
ments, the cliffs of tlie mesas and buttes which they have left 
behind as outliers, and tlie walls of the ravines are carved 
into noble arcliitectural forms — into cathedrals, pjTamids, 
ampliitlieaters, towers, arches, and colonnades — by the processes 
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Vu.. 130. Xortli-South Section, Eighty-Five Miles Long, across the 
IMiiU'au North of the (irand Canyon of the Colorado River, Ari- 
zona, showing Hctn'ating Escarpments 

Of outliers ; F, canyon of the Colorado ; A-TFt rock systems from the 
Arc'lijuan to the Tertiary ; P, platform of the plateau from which the 
once overlying roeks have been stripped ; dotted lines indicate probable 
former extension of the strata. How thick is the mass of strata which 
has be(;n removed from ov<!r th(i i)latform? Has this work been accom- 
plished while tlui (Colorado River has been cutting its present canyon? 

of weathering aided l)y deflation. It is thus hy the help of the 
action of the wind that great plateaus in arid regions are dis- 
sected and at hist are smoothed away to waterless plains, either 
composed of naked rock, or strewed with residual gravels, or 
covered with drifting residual sand. 

The specific gravity of air is j}ij that of water. How does this fact 
affect the weight of tlie material which each can carry at the.sfnie 
velocity ? 

If the rainfall should lessen in your own state to from five to ten 
inches a year, what changes would take place in the vegetation of the 
country? in the soil? in the streams? in the erosion of valleys? in the 
agencies chiefly at work in denuding the land ? 

In what way can a wind-carved i)ebble be distinguished from a river- 
woru pebble ? from a glaciated pebble ? 



CITArTEPv VU 

THE SEA AKD ITS SHORES 

We have already seeu that the ocean is the goal to wliich the 
waste of the land arrives. The mantle of rock waste, ci'eeping 
down slopes, is washed to the sea by streams, together with the 
material which the streams have worn from their beds and that 
dissolved by under j^nound waturs. In arid regions the winds 




, England 



swuep waste either into bordering oceans or into more humid 
regions whera rivers take it up and carry it on to the sea. 
(Jlaeiers deliver the load of their moraines eitlier directly to the 
sea or leave it for streams to transport to the same goal. All 
deposits made ou the land, such aa the flood plains q1 TVNeta,ftva 
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silts of lake beds, dune sands, and sheets of glacial drift, mark 
but pauses in tlie process which is to bring all the materials of 
the land now above sea level to rest upon the ocean bed. 

But the sea is also at work along all its shores as an agent 
of destruction, and we must first take up its work in erosion 
before we consider how it transports and deposits the waste of 
the land. 

Sea Erosion 

The sea cliff and the rock bench. On many coasts the land 
fronts the ocean in a line of cliffs (Fig. 131). To the edge of the 
cliffs there lead down valleys and ridges, carved by running 
water, which, if extended, would meet the water surface some 
way out from shore. Evidently they are now abruptly cut short 

at the present shore line because 

High tide ^^^^ \^i\A has been cut back. 

^^^Ifl Along the foot of the cliff lies a 

•^^^ntly shelving bench of rock, more 

Fig. 132. Diagram of Sea Cliff or less tliickly veneered with sand 

sc, and Rock Bench rb ^^^^ shhigle. At low tide its inner 

The hroken line indicates the jnarffiii is laid bare, but at liiffh tide 

former extent of the laud ^ ' o 

it is covered wholly, and the sea 
washes the base of the cliffs. A notch, of which the sea cliff 
and the 7'ock bench are the two sides, has been cut along the 
shore (Fig. 132). 

Waves. The position of the rock bench, with its inner margin 
shghtly above low tide, shows that it has been cut by some 
agent which acts like a horizontal saw set at about sea level 
This agent is clearly the surface agitation of the water ; it is 
the wind-raised wave. 

As a wave comes up the shelving bench the crest topples 
forward and the wave " breaks," striking a blow whose force is 
measured by the momentum of all its tons of falling water 
(Fig. 133). On the coast of Scotland the force of the blows 
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struck by the waves of the heavieat atorms has HometimeB 
exceeded three tons to the squarB foot. But even a calm sea 
constantly chafes the shore. It heaves in gentle undulations 
known aa the gmiuid swell, the i-eault nf sturiiis ]ioiliaiw a 
thousand miles dis- 
tant, and hreaka on 
the shore in surf. 

The blows of the 
waves are not struck 
with clear water 
only, else they 
would have httle 
effect on cliffs of 
soUd rock. Storui 
waves arm themselves with the sand and gravel, the cobbles, 
and even the large bowldere which lie at the base of the cliff, 
and beat against it with these haniniera of stona 

Wlieve a precipice deaoends shuer into deep water, waves swaah up 
and down the face of the rocka but cannot break and strike effective 
blows. They therefore erode but little until the tains fallen from the 
clifE is gradually built up beneath the aea to the level at wiiich the 
waves drag bottom upon it and break. 

Compare the ways in which different agenta abrade. The wind 
lightly brushes sand and dust over exposed surfaces of rock. Running 
water Bweepa fragments of various sizes along its channels, holding 
them with a loose hand. Glacial ice grinds the stones of its ground 
moraine against the underlying rock with the pressure of its enormous 
weight. The wave hurls fragments of rock against the sea cliff, bruising 
and battering it by the blow. It also rasps the bench as it drags sand 
and gravel to and fro upon it. 

Weathering of sea cliffs. The sea cliff furnishes the weapons 
for its own deatruetion. They are broken from it not only by 
the wave but also by the weather. Indeed the sea cliff weathers 
more rapidly, as a rule, than do rock ledges inland. It is abim- 
dantly wet with spray. Along its base the ground water of the 
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ueigliboiing land fiiuls ita imtural outlet in springa which undei- 
mine it. Moreovyi', it is unjivottctuti by any shield of talus. 
Fragments of rock as tliey fall from its face are battered to 
pieces by the waves and swept out to sea. Tlie cliff is thu,i 
left exposed to the attack of the weather, and ita retreat would 
be comparatively I'lipid fur this reason alone. 




Fid. 134. ^iea Caves, La Julia, Califumia 
Copyright, 1899, by Detroit PhoMgraphiu Company 

Sea oliSs .seMomoverhang, but comniuiily, as in Figure 134, slope oea- 
ward, showing that the ujiper portian lias retiiiated at a, more n^d 
rate than haa tliu base. Which do you infer is on tha whole the more 
deatTuctive agent, wpathering or thfi wave? 

Draw a section of a si^a cliif cut in well jointed rocks whose joints 
dip toward the laud. Draw a diagram of a sea eliff where the joints 
dip toward the Ben. 

Sec caves. The wave does not merely batter the face of the clifi- 
Like a Hkillful qnarryman it inserts weiigHS in all natural fissures, sudi 
as joints, and uses explosive forces. As a wave flaps against a crevirf 
it compressea the air within with the sudden stroke ', as it falls hack 
the air as suddenly expands. On lighthouses henvily barred doors have 
been burst outward by the explosive force of the air within, a 
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(Fig. 135). 


Stacks and wave-cut islands. As the ee 
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from inland eacarpmentH by tlie neath 
thesi; remnant masses may be left behind 
rock bench is ofton set wii.li atacki 
and sunken reefs, — ■ all 
wreckfl of the land testi- 
fying to ita retreat before 
the incesBant attack of t ht> 

Coves. Wheru zcun*.- 
of aoft or eltjselj- jointt-cl 
rock outcrop along :r 
shore, or where niinui' 
water ooarsea cniue 
down to the sea ediI aid 
ill erosion, the shore is 
worn back in curved reentrants called covea ; while the more 
resistant rocks on either hand are left projecting as headlands 
(Fig. 139). After coves are cut hack a short distance hy the 
waves, the headlands come to protect them, as with break- 
waters, and prevent their indefinite retreat. The shore takes a 
curve of equJUbrium, along which the hard i-ock of the exposed 
headland and the weak rock 
of the protected cove wear 
hack at an eijual rate. 

Rate of recession. The 
rate at wiuch a shore recedes 
depends on several factors. 
In aoft or incoherent rocks 
exposed to violent storms 
the retreat is so I'apid as to 
be easily measured. The coast of Yorkshire, England, whose 
cliffs are cut m glacial drift, loses seven feet a year on the 
average, and since the Norman conquest a strip a mile wide, 
with farmsteads and villages and liistoric seaports, has \ieea. 
devoured by the aes. The sandy south stote ol "MiaT^Jasift 
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^^H Vineyard wears back three feet a. year. But hard ritcks retreat 
^^H BO slowly that their recession has seldom been measured by the 
^^H records ciE history. , 3^ 

^H 811011K Drift 

^^M Bowlder and pebble beaches. Almut as fant as fnimed the 

^^V waste of the sea cliff is snujit both along the shore and out to 

^^F sea. The road nf wiist^ along ehuii) is the beach. "We may also 

' define the beacli as the exjioaud t-dge of the sheet of sediment 




formed by the carnage of land wa-ste out to sea. At the foot 0. 
sea cliffs, where the waves aie pouniUng hardest, one commonly 
finda the rock bench strewn on ita inner margin with lai^ 
stones, dialoilged by the waves and by the weather aTid some- 
what worn on their eornei-s and edges. From this hiwlder beach 
the smaller fragments of waste from the cliff and the fragmeuta 
into wliich the bowldei-s are at last broken drift on to more shel- 
tered places and there accumulate in a pebble beaeh, made of 
pebbles well rounded by the wear which they have Buffered. 
Such beaches form a mill whose raw material is conata 
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supplied by the cliflf. The breakers of storms set it in motion 
to a depth of several feet, grinding the pebbles together with 
a clatter to be heard above the roar of the surf. In such a rock 
crusher the life of a pebble is short. Where ships have stranded 
on our Atlantic coast with cargoes of hard-burned brick or of coal, 
a year of time and a drift of five miles along the shore have proved 
enough to wear brick and coal to powder. At no great distance 
from their source, therefore, pebble beaches give place to beaches 
of sand, which occupy the more sheltered reaches of the shore. 

Sand beaches. The angular sand grains of various minerals 
into which pebbles are broken by the waves are ground together 
under the beating surf and rounded, and those of the softer 
minerals are crushed to powder. The process, however, is a 
slow one, and if we study these sand grains under a lens we 
may be surprised to see that, though their corners and edges 
have been blunted, they are yet far from the spherical form 
of the pebbles from which they were derived. The grains are 
small, and in water they have lost about half their weight m 
air ; the blows which they strike one another are therefore weak. 
Besideis,*' each grain of sand of the wet beach is protected by a 
cushion of water from the blows of its neighbors. 

The shape and size of these grains and the relative proportion 
of grains of the softer minerals which still remain give a rough 
measure of the distance in space and time which they have 
traveled from their source. The sand of many beaches, derived 
from the rocks of adjacent cliffs or brought in by torrential 
streams from neighboring highlands, is dark with grains of a 
number of minerals softer than quartz. The white sand of other 
beaches, as those of the east coast of Florida, is almost wholly 
composed of quartz grains; for in its long travel down the 
Atlantic coast the weaker minerals havei been worn to powder 
and the hardest alone survive. 

How does the absence of cleavage in quartz affect the durability of 
quartz sand? 
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How shore drift migrates. It is uuder the action of waves 
and currL-nta thut shore drift migrates slowly aloi^ a coasL 
Wliere waves strike a coast obliquely they drive the waste 
before them little by little along the shore. Thus on a north- 
south coast, where the predominant storms are from the north- 
east, there will be a migration o( shore drift southwards. 

AE shores are swept also by currents produced by winds and 
tides. These are usually far too gentle to transport of them- 
selves the coarse materials of which beaches are made. But 
wlule the wave stirs 
the grains of sand 
and gravel, and for 
.1 moment lifts them 
from the bottom, 
the ciUTent carries 
them a step forward 
Lin their way. Tiie 
current cannot lift 
and the wave can- 
not carry, but to- 
gether the two 
road of shore drift is 




transport the waste along tlie shora 

therefore the /one of the breaVin^ wrvpj. 

The bay-head beach. As the waste derived from the wear 
of waves and that lirought in by streams is trailed along a 
coast it assumes, under var;ying conditions, a number of dis- 
tuict forms. Wheu swept into the head of a sheltered bay it 
constitutes the bay-head beach. By the highest storm waves 
the beach is often built higher than the ground immediately 
behind it, and forms a dam inclosing a shallow pond or 
marsh. 

The bay bar. As the stream of shore drift reaches the mouth 
of a bay of some size it often occurs that, instead of turning in, 
it sets directly across toward the opposite headland. The waste 
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is carried out from shore into the deeper waters of the bay 
mouth, where it is no longer supported by the breaking waves, 
and sinks to the bottom. The dump is gradually built to the 
surface as a stubby spur, pointing across the bay, and as it 
reaches the zone of wave action current and wave can now 
combine to carry shore drift along it, depositing their load con- 
tinually at the point of the spur. An embankment is thus con- 
structed in much the 
same manner as a rail- 
way fill, which, while 
it is building, serves as 
a roadway along which 
the dirt from an ad- 
jacent cut is carted to 
be dumped at the end. *^^^- ^^^^' ^ "^^^' ^-^^^ ^^^^^^an 

Wlien the embankment is completed it bridges the bay with 
a highway along which shore drift now moves without inter- 
ruption, and becomes a bay bar. 

Incomplete bay bars. Under certain conditions the sea can- 
not carry out its intention to bridge a bay. Eivers discharging 
m bays demand open way to the ocean. Strong tidal currents 
also are able to keep open, channels scoured by their ebb and 
flow. In such cases the most that land waste can do is to build 
spits and shoals, narrowing and shoaling the channel as much 
as possible. Incomplete bay bars sometimes have their points 

recurved by currents setting at 
right angles to the stream of shore 

Fig. 143. Cross Section of Sand ^rift, and are then classified as 
Reef «r, and Lagoon ; si, Sea hooks (Fig. 142). 

^^®^ Sand reefs. On low coasts 

where shallow water extends some distance out, the highway of 
shore drift lies along a low, narrow ridge, termed the sand reef, 
separated from the land by a narrow stretch of shallow water 
called the lagoon (Fig. 143). At intervals the reel \a \v<^vi v5^\5l 
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by inlets, — (japs through wliich the tide flows and ebbs, and by 
whicli tlie water of streams fiuds way to the sea. 

No finer example of this hind o£ shore line is to be found in tlie 
world than the coast of Texas. Kroni near the mouth of the Bio 
Grande a continuous Band reef draws ita even 
curve for a hundred miles to Corpus Chriati 
I'aHS, and tlie reefs are but seldom interrupted 
by inlets us far north as Galveston Harbor. 
On thifl coast the tides are variable and ex- 
ceptioDally weak, being less than one foot in 
Iifi^ht, while the amount of waste swept along 
the shorL> is large. The lagoon is extremely 
shallow, and inucli of it is a mud flat too shoal 
for even small boats. On the coast of New 
Jersey strong tides are able to keep open inlets 
at intervals of from two to twenty miles in 
K[iite of a, lieavy alongshore drift. 

Sand rwifs are formed wliere the water 
is so shiillow iK>iir shore that storm waves 
i;aniiot run hi it aiu! therefore break some 
(hsLimc.e out from land. "Where storm 
wn\-es first dnij; bottom they erode and 
deupea the sea floor, and sweep in sedi- 
ment iis fai' an the line where they break. 
Here, where they lose their force, they 
drop tlieir load iind beat up the ridge 
lie sand reef wh(*n it reaches the surface. 




Shorks ' 



Elkv 



xn T>K 



Our studies liave iiUiiady bniught to our notice two distinct 
forms of strand limw, — one the high, rocky coast cut back to 
cliffs by the attack of the waves, and the other the low, aandy 
coast where the waves break usually upon the sand reef. To 
anderstainl tlie origin of these two types we must know that 
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the meeting place of sea and land is determined primarily by 
movements of the earth's crust. Where a coast land emerges 
the shore line moves seaward; where it is being submerged 
the shore line advances on the land. 

Shores of elevation. The retreat of the sea, either because of 
a local uplift of the land or for any other reason, such as the 
lowering of any portion of ocean bottom, lays bare the inner 
margin of the sea floor. Where the sea floor has long received 
the waste of the land it has been built up to a smooth, subaque- 
ous plain, gently shelving from the land. Since the new shore 
line is drawn across this even surface it is simple and regular, 
and is bordered on the one side by shallow water gradually 
deepening seaward, and on the other by low land composed of 
material which has not yet thoroughly consolidated to firm rock. 
A sand reef is soon beaten up by the wavee, and for some time 
conditions will favor its growth. The loss of sand driven into 
the lagoon beyond, and of that ground to powder by the surf 
and carried out to sea, is more than made up by the stream of 
alongshore drift, and especially by the drag of sediments to the 
reef by the waves as they deepen the sea floor on its seaward side. 

Meanwhile the lagoon gradually fills with waste from the 
reef and from the land. It is invaded by various grasses and 
reeds which have learned to grow in salt and brackish water; 
the marsh, laid bare only at low tide, is built above high tide 
by wind drift and vegetable deposits, and becomes a meadow, 
soldering the sand reef to the mainland. 

While the lagoon has been filling, the waves have been so 
deepening the sea floor off" the sand reef that at last they are 
able to attack it vigorously. They now wear it back, and, driving 
the shore line across the lagoon or meadow, cut a line of low 
clififs on the mainland. Such a shore is that of (xascony in 
southwestern France, — a low, straight, sandy shore, bordered 
by dunes and unprotected by reefs from the attack of the waves 
of the Bay of Biscay. 
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We may saj then tliat on shores of elevation the presence 
of sand reefs and lagoo is m hcates the stage of youth, while 
the absence of these 
features and the 
\igorou8 and unim- 
peded attack by the 
sea upon the mam- 
land indicate the 
stage of maturity. 
Wliere much waste 
IS broi^ht in by 
n-vers -the maturity 
of such a coast may 
be long delayed. 
The waste from the 
land keeps the sea 
shallow offshore and 
constantly renews 
the sand reef. The 
energy of the waves 
IS consumed in hand- 
Img shore drift, and 
1 o enei^ is left for 
m effective attack 
upon the land. In- 
leed, with an exces- 
sive amount of wast« 
br ught down by 
, streams the land 
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rarily upon the sea ; and not until long denudation has lowered 
the land, and thus decreased the amount of waste from it, may 
the waves be able to cut through the sand reef and thus the 
coast reach maturity. 
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Shores of Depkession 

Where a coastal region is undergoing submei^enGe the shore 
line mo\ea landward The horizontal plane of the sea now 
intersects an old land surface roughened bj sulmenal denuda 
tion. The ■"hore line is irregular and indented m proportion to 
the rehef of the land and the amount 
of the flubmeigence wlueh the land 
has suffered It follows up partiallj 
aubmei^ed\alle)s fornmigha}S and 
bends round the dnidea lea\ing 
them to projeut as promoutoriey and 
peninsulas Tlie outlines of shores 
of depression are aa \arit.d ts ire 
the forms of the lan<i pirtiallj sul>- 
mei^d. We give a few typical illus- 
trations. 

The characteristics of the coast of 
Maine are due chiefly to the fact that a 
mountainouH region of hard rocka, once 
worn to a. peneplain, and after a aul>- 
ftequent elevation deeply dissected by 
north-BOuth valleys, has subsided, the 
depression amounting on its southern 
margin to as much as six hundred feet 
below sea level. Drowned valleys i>ene- 
trate the land in long, narrow bays, and 
rugged divides project in long, narrow 
land anns prolonged seaward by islands 
representing the high portions of their extremities. Of this exceedingly 
i^ged shore there are said to be two thousand miles from the New 
Brunswick boundary as far west as Portland, — a straight-line distance 
of but two hundred miles. Since the time of its greatest depression 
the land is known to have risen some three hundred feet ; for the bays 
have been shortened, and the waste with which their floors were strewn 
is now in part laid bare as claj" plains about t\ie feay \ieBAa awi "vc^ 
narrow ad.v&gea about the peninsulas and islands. 
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The coast of Dalmatia, on the Adriatic Sea, is characterized by long 
land arms and chains of long and narrow islands, all parallel to the 
trend of the coast. A region of parallel mountain ranges has been 
depressed, and the longitudinal valleys which lie between them are 
occupied by arms of the sea. 

Chesapeake Bay is a branching bay due to the depression of an 
ancient coastal plain which, after having emerged from the sea, was 
channeled with broad, shallow valleys. The sea has invaded the valley 
of the trunk stream and those of its tributaries, forming a shallow bay 
whose many branches are all directed toward its axis (Fig. 146). 

Hudson Bay, and the North, the Baltic, and the Yellow seas are 
examples where th(^ sinking of the land has brought the sea in over 
low plains of large extent, thus deeply indenting the continental out- 
line. The rise of a few hundred feet would restore these submerged 
plains to the land. 

The cycle of shores of depression. In its infantile stage the 
outline of a shore of depression depends almost wholly on the 
previous relief of the land, and but little on erosion by the sea 
Sea cliffs and narrow benches appear where headlands and 
outlying islands have been nipped by the waves. As yet, little 
shore waste has been formed. The coast of Maine is an example 
of this stage. 

In early youth all promontories have been strongly cliffed, 
and under a vigorous attack of the sea the shore of open bays 
may be cut back also. KSea stacks and rocky islets, caves and 
coves, make tlie shore minutely ragged. The irregularity of the 
coast, due to depression, is for a while mcreased by differential 
wave wear on harder and softer rocks. The rock bench is still 
narrow. Shore waste, thougli being produced in large amounts, 
is for the most part swe])t into deeper water and buried out 
of sight. Examples of this stage are the east coast of Scotland 
and the California coast near San Francisco. 

Later youth is characterized by a large accumulation of 
shore waste. The rock bench has been cut back so that it 
now furnishes a good roadway for shore drift. The stream of 
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aloi^hore drift growa larger and larger, filling the heads of the 
smaller bays with beaches, building spits and hooks, and tying 
islands with sand bars to the mainland. It bridges the larger 
bays with bay bars, while their length is being reduced as their 
inclosing promontories are cut back by the waves. Thus there 
comes to be a stra^ht, continuous, and easy road, no longer 
interrupted by headlands and bays, for the transportation of 
waste alongshore. 
The Baltic coast of 
Germany ia in this 
staga 

All this while 
streams have been 
busy filling with 
delta deposits the 
bays into which 
they empty. By 
these steps a coast 
gradually advances 
to m-aturity, the 
stage when the irregularities due to depression have been 
effaced, when outlying islands formed by subsidence have been 
planed away, and when the shore line has been driven back 
behind the former bay heads. The sea now attacks the land 
most effectively along a continuous and fairly straight line of 
clifTs. Al though the firs t ci^c.c\, of yn^-A wpa^ wa g to increase 
th g irref pila yitip.s of the shore. It sooner or later rectifies it- 
making it simple and smooth. Northwestern France may be 
cited as an upland plain, dissected and depressed, whose coast 
has reached maturity (F^. 147). 

In the old age of coasts the rock bench is cut back so far that_ 
the wav es can no longer exert their full effect upon the shorp. 
Their energy is dissipated in moving shore drift hither and 
thither and in abrading the bench when they drag bottom 




of the Nortliwest Coast of Prance 
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upon it. Little by little the bench is deepened by tidal currentt 
and the drag of waves ; but this proceaa is so slow that meaa 
while the sea cliffs melt down tmder the weather, and th| 
bench becomes a broad shoal where waves and tides graduallj 
work over the waste from the land to greater fineness and sweep 
it out to sea. 

Plains of marine abrasion. ^Yhilp °">"°"°1 ilemidiitimfc. 
reduces the laud to baselevel, the sea is sawing its edges t^ 




Fiii. 148. The South Shore of Martha's Vineyard 
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wave base, i.e. the lowest Uniit of the wave's effective wear. The 
widened rock bench forms when uplifted a plain of marine 
abrasion, which hke the peneplain bevels across strata r^ardless 
of their various inclinations and various degrees of hardness. 



How may a plain of marine abrasion be expected to differ from a 
peneplain in its mantle of waste? 



Compared with .subaerial denudation, marine i 
comparatively feeble agent. At the rate of five feet per century 
— a liigher rate than obtains on the youthful rocky coast of 
Britain — it would require more than ten million years to pare 
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B strip one hundred miles wide from the margin of a conti- 
nent, a time sufficient, at the rate at which the Mississippi 
valley is now being worn away, for subaerial denudation to 
Lower the lands of the globe to the level of the sea. 

S low submergence favors the cutting of a wide rock bench . 
IThe water continually deepens upon the bench; storm waves 
can therefore always ride in to the base of tlie chffs and attack 
tihem with full force; shore waste cannot impede the onset 
of the waves, for it is continually washed out in deeper water 
l^elow wave base. 

Basal conglomerates. As the sea marches across the land 
during a slow submergence, the platform is covered witli sheets 
of sea-laid sediments. Lowest of these is a conglomerate, — 
the bowlder and pebble beach, widened indefinitely by the 
Tetreat of the cliffs at whose base it was formed, and preserved 
l^y the finer deposits laid upon it in the constantly deepemng 
^vater as the land subsides. Such basal conglomerates are not 
uncommon among the ancient rocks of the land, and we may 
Icnow them by their rounded pebbles and larger stones, com- 
posed of the same kind of rock as that of tlie abraded and 
evened surface on which they he. 

/ 
/ 



CHAPTEK VIII 
OFFSHORE AND D££P-S£A DEPOSITS 

The alongshore deposits wliich we have now studied are 
the exposed edge of a vast subaqueous sheet of waste which 
borders tlie continents and extends often for as much as two 
or tliree liundred miles from land. Soundings show that off- 
shore deposits are laid in belts parallel to the coast, the coarsest 
materials lying nearest to tlie land and the finest farthest out. 
Tlie pebbles and gravel and tlie clean, coarse sand of beaches 
give place to broad stretclies of sand, which grows finer and 
finer until it is succeeded by slieets of mud. Clearly there is 
an offsliore movement of waste by wliich it is sorted, the 
coarser being sooner dro])ped and the finer being carried 
fai'tlier out. 

Offshoke Deposits 

The (le])ris torn by waves from rocky shores is far less in 
amount tlian the waste of the land brought down to the sea 
by rivers, being only one thiiiv-thji'd ^ s great, according to a 
conservative estimate. l)otli mingle alongshore in all the forms 
of beach and bar tliat have been described, and both are together 
slowly carried out to sea. On the shelving ocean floor waste is 
agitated by various movements of the unquiet water, — by the 
undertow (an outward-running bottom current near the shore), 
by the ebb and flow of tides, by ocean currents where they 
approach the land, and by waves and ground swells, whose 
effects are sometimes felt to a depth of six hundred feet. By 
all these means the waste is slowly washed to and fro, and as 
it is thus ground finer and finer and its soluble parts are more 
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and more dissolved, it drifts farther and farther out from land. 
It is by no steady and rapid movement that waste is swept 
from the shore to its final resting place. Day after day and 
century after century the grains of sand and particles of mud 
are shifted to and fro, winnowed and spread in layers, which are 
destroyed and rebuilt again and again before they are buried 
safe from further disturbance. 

These processes which are hidden from the eye are among 
the most important of those witli which our science has to do ; 
for it is they which have given shape to by far tlie largest part 
of the stratified rocks of wliich the land is made. 

The continental delta. Tliis fitting term has been recently 

suggested for the sheet of waste slowly accumulating along the 

borders of the continents. Within a narrow belt, wliich rarely 

exceeds two or three hundred miles, except near the mouths 

of muddy rivers such as the Amazon and Congo, nearly all the 

waste of the continent, whether worn from its surface by the 

weather, by streams, by glaciers, or by the wind, or from its 

edge by the chafing of the waves, comes at last to its final 

resting place. The agencies which spread the material of the 

continental delta grow more and more feeble as they pass into 

deeper and more quiet water away from shore. Coarse materials 

are therefore soon dropped along narrow belts near land. Gravels 

and coarse sands lie in thick, wedge-shaped masses wliich thin 

out seaward rapidly and give place to sheets of finer sand. 

Sea muds. Outermost of the sediments derived from the waste 
of the continents is a wide belt of mud ; for fine clays settle so 
slowly, even in sea water, — whose saltness causes them to sink 
much faster than they would in fresh water, — that they are 
wafted far before they reach a bottom where they may remain 
undisturbed. Muds are also found near shore, carpeting the 
floors of estuaries, and among stretches of sandy deposits in 
hollows where the more quiet water has permitted the finer 
silt to rest. 
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Sea muds are commonly bluish and consolidate to bluish 
shales ; the red coloring matter brought from land waste — iron 
oxide — is altered to other iron compounds by decomposing 
organic matter in tlie presence of sea water. Yellow and red 
muds occur wliere the amomit of iron oxide in the silt brought 
down to the sea by rivers is too gi-eat to be reduced, or decom- 
posed, by tlie organic matter present. 

Green muds and green sand owe their color to certain chem- 
ical changes which take place where waste from the land accu- 
mulates on tlie sea floor with extreme slowness. A greenish 
mineral called (iJauconite — a silicate of iron and _^uinina r— is 



then formed. Such deposits, known sua areen saiuL are now in 
process of making in several patches ofif the Atlantic coast, and 
are found on tlie coastal plain of New Jersey among the off- 
shore deposits of earher geological ages. 

Organic deposits. Living creatures swarm along the shore and 
on the shallows out fi'oni land as nowhere else in the ocean. 
Seaweed often mantles the rock of the sea cliff between the 
levels of high and low tide, protecting it to some degree from 
the blows of waves. On the rock bench each little pool left 
by the ebbing tide is an a([uarium abounding in the lowly 
forms of marine life. Below low-tide level occur beds of mol- 
luscous shells, such as the oyster, with countless numbers of 
other humble organisms. Their harder parts — the shells of 
moUusks, the white framework of corals, the carapaces of crabs 
and other crustaceans, the shells of sea urchins, the bones and 
teeth of fishes — are gradually buried witliin the accumulating 
sheets of sediment, either whole or, far more often, broken into 
fragments by the waves. 

By means of these organic remains each layer of beach 
deposits and those of the continental delta may contain a record 
of the Ufe of the time when it was laid. Such a record has 
been made ever since living creatures with hard parts appeared 
upon the globe. We shall find it sealed away in the stratified 
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: of the coutiueuts, — parts of ancient sea deposits now 
L to form the dry laud. Thus we have in the traces of 
f creatures found in the rocks, i.e. in fossils, a liistorj- of the 
[ pK^esR of life ii;)(ju the planiit 

Holluscous shell deposits, llie form^ of luamie hfe of iimior- 
i tAQce in rock making thrive liest ui tleii ^vater wliere httle 
I Mdimeut is being laid, and wiieie -it the sime time the depth is 




Fig. 14!). Coqiiina, Florida 

not so great as to deprive them of needed hght, heat, and of 
Bufficieiit oxj-gen absorbed by sea water from the air. In such 
dear and comiraratively shallow water there often grow comit- 
less myriads of animals, such as molluaka and corals, whose 
shells and skeletons of carbonate of lime gradually accumulate 
in beds of limestone. 

limestone made of broken fragmentfi cemented together is 

called coqvina, a loctil t«rni applied to such beds recently 

along the coast of Florida (l"ig.l4tiy 
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Oolitic limestone (Don, an egg ; lithos, a stone) is so named from the 
likeness of the tiny spherules which compose it to the roe of fish. 
Corals and shells have been pounded by the Waves to calcareous sand, 
and each grain has been covered with successive concentric coatings of 
lime carbonate deposited about it from solution. 

The impalpable i)owder to wliich calcareous sand is ground 
by the waves settles at some distance from shore in deeper and 
quieter water as a Kmy silt, and hardens into a dense, fine- 
grained limestone in which perhaps no trace of fossil is found 
to suggest the fact that it is of organic origin. 

From Florida Keys tluTe extends south to the trough of Florida 
Straits a limestone bank covered by from five hundred and forty to 
eighteen hundred fee^t of water. The rocky bottom consists of lime- 
stone now slowly building from the accumulation of the remains of 
mollusks, small corals, sea urchins, worms with calcareous tubes, and 
lime-secreting seaweed, which live upon its surface. 

Where sponges and other silica-secreting organisms abound on 
limestone l)anks, silica forms ])art of the accumulated deposit, 
either in its original condition, as, for example, the spicules of 
sponges, or gathered into concretions and layers of flint. 

Where c()nsi{lera])le mud is ])eing deposited along with car- 
bonate of lime tlKU'e is in process of making a clayey limestone 
or a Kmy shale ; where considerable sand, a sandy limestone or 
a limy sandstone. 

Consolidation of offshore deposits. We cannot doubt that all 
these loose stnliments of tlie sea floor are being slowly consoli- 
dated to solid ro(*k. Tliev are soaked with water wliich carries 
in solution lime car])onate and other cementing substances. 
These cements are deposited between the fragments of shells 
and corals, the grains of sand and the particles of mud, binding 
them together uito firm rock. Where sediments have accumu- 
lated to great thickness the lower portions tend also to consol- 
idate under the weight of the overlying beds. Except in the 
case of limestones^ recent sea deposits uphfted to form land are 
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seldom so well cemented as are the older strata, which have 
long been acted upon hy undergi'ouml waters deep l)elow the 
surface within the zone of cementation, and have been exposed 
to view by great erosion. 

Ripple marks, sun cracks, etc. Tlie pulse of wa^-os and tidal 
ourreiits ft^talr^' i': ■ ]■<•■■■■• • ■■■•] r.f nifsliore deposits, throw- 
ing it into fini' ■ pl'le marks. One uiay 
see this beautiful 
ribbing imprinted 
on beach sands uo- 
covered by the out- 
going tide, and it is 
also produced where 
the water is of con- 
siderable depLh- 
Wliile the tide is 
out the surface uf 
shore deposits may 
he marked by the 
footprints of biiils 
and other aniinols. 
I ">i s 111 ry ks "^ ^^y ^^^ raindn»[« 
of a passuig shower 
(Fig. lo3). The mud of Hats, thus ex[ioaed to the sun aud dried, 
cracks ill a cliaract^ristic way (Figs. 151 and 152). Such mark- 
ings may he covered over with a tliin layer of sediment at the 
next flood tide aud sealed away as a lasting record of the manin^r 
and place in which the strata were laid. In Figure 150 we have 
an illustration of a very ancient ripple-mai-ked sand consolidated 
to hard stone, uphfted and set on edge by movements of the 
earth's crust, and exposed to ojjen air after long erosion. 

Stratification. For the most iiart the sheet of sea-laid wast* 
is hidden from our s^ht. Where its edge is exposed along the 
shore we may see the surface markings wliich have just been 
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noticed. Soundiiigs also, and the obaer\'ationa made in shallow 

waters by divers, tell somethii^ of its siuiace ; but to learn 

more of its structures 

we must study those 

ancient sediments which 

have been lifted from 

the sea and dissected 

bysubaerial agencies. 

From them we asceitain 

that sea deposits are 

stratified. They lie iu 

distinct layers which 

often differ from one an- 
other in tluckness, hi 

raze of particles, and 

perhaps in color. They 

are parted by bedding 

planes, each of wliirh 

represents either n 

change in material i.ir 

a pause durii^ wliich 

deposition ceased and 

the material of one layer had time to settle and t 

what consolidated before the material of the nest was laid 

upon it. Stratification is thus due to hitermittently acting 
foi*ces, such as the agitation of tlie 
water during starms, the flow and ebb 
of the tide, and the shifting channels 
of tidal currents. Off the mouths of 
rivers, stratification is also caused by 
the coai-ser and more abundant mateiial 
brought down at time of fluods being 
laid on the tiiier silt wMch is dis- 
Fio. 153. itain Prints charged duriug ordjuaiy ^sugea. 




'It,. l.J:i. Thu Liiilui SiJi: ol a. Layer de- 
pufiitad upon a Suu-Cracked Burfaoe, 
eliowiiig Caata of tbe Cracks 
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How Btraljfied deposits are buiU up ia well illustrated in the flim 
which border estuaries, such &» the Bay of Fundy. Each advauce of 
the tide spreads a tilni i)f mud, which dries and Iiardeiis in the air 
during low water before aoother film ia laid upou it hj the next 
incoming tidal fltiod. In this way tlie flatH have been covered by a claj 
which Hplita into leBve.t as tiiiii us sheets of paper. 

It is in line material, sucli aa days anil shales and limestones, 
that the tliimiest and most nnifurm layers, as well as those 
of widest extent, oceur. On the other liand, coarse materials 
sommouly laid in thick beds, wluch soon tliin out seaward 
and give place 
to deposits of 
finer stuff. In 
ii jieneral way 
■'i-:ita are laid 
I well-nigh 
'. II r izontal 
sheets, for the 
surface on 
wliich they are 
laid is generally 
of very gentlfl 

inclination. Eauli stmtuui, however, is lenticular, or lenslike.in 
form, ha\'ing an area where it is thickest, and tli inni ng out thence 
to its edges, where it is overlapped by strata similar in shape. 
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Cross bedding. There is an apparent esception to this rule where 
strata whose upper and lower surfaces may he about horizontal are 
made up of layers inclined at angles which may be as Iiigh aa the 
angle of repose, In this case each stratum grew by the addition along 
ita edge of successive layers of sediraent, preciaely aa does a sandbar in 
a river, the aand being pushed continuously over the edge and coming 
to rest on a sloping aurface. Shoala built by strong and shifting tidal 
currents often show successive strata in which the cross bedding is 
inclined in different directions. 
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Thickness of sea deposits. Bemembenng the vast amount 
of material denuded from the land and deposited offshore, we 
should expect that with the lapse of time sea deposits would 
have grown to an enormous thickness. It is a suggestive fact 
that, as a rule, the profile of the ocean bed is that of a soup 
plate, — a basin surrounded by a flaring rim. On the continen- 
tal shelf, as the rim is called, the water is seldom more than 
six hundred feet in depth at the outer edge, and shallows grad- 
ually towards shore. Along the eastern coast of the United 
States the continental shelf is from fifty to one hundred and 
more miles in width ; on the Pacific coast it is much narrower. 
So far as it is due to upbuilding, a wide continental shelf, such 
as that of the Atlantic coast, impUes a massive continental 
delta thousands of feet in thickness. The coastal plain of the 
Atlantic states may be regarded as the emerged inner margin 
of this shelf, and borings made along the coast probe it to the 
depth of as much as three thousand feet without finding the 
bottom of ancient offshore deposits. Continenta l shelves may 

a continenta l plateau and to naa ] 

deposition of sediments and subsidence. The stratified rocks 
of the land show in many places ancient sediments which reach 
a thickness which is measured in miles, and which are yet the 
product of weU-nigh continuous deposition. Such strata may 
prove by their fossils and by their composition and structure 
that they were aU laid offshore in shallow water. We must infer 
that, during the vast length of time recorded by the enormous 
pile, the floor of the sea along the coast was slowly suiking, 
and that the trough was constantly being fiUed, foot by foot, 
as fast as it was depressed. Such gradual, quiet movements of 
the earth's crust not only modify the outline of coasts, as 
we have seen, but are of far greater geological importance in 
that they permit the making of immense deposits of stratified 
rock. 
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A slow subsidence continued during long time is recorded 
also in the succession of the various kinds of rock that come 
to be deposited in the same area. As the sea transgresses the 
land, Le. encroaches upon it, any given part of the sea bottom 
is brought farther and farther from the shore. The basal con- 
glomerate formed by bowlder and pebble beaches comes to be 
covered with sheets of sand, and these with layers of mud as the 
sea becomes deeper and the shore more remote ; while deposits 
of limestone are made when at last no waste is brought to the 



^ea level 




Fig. 155. Succession of Deposits recording a Transgressing Sea 
c, conglomerate; .9n, sandstone; shy shale; Inif limestone 

place from the now distant land, and the water is left clear for 
the growtli of mollusks and other lime-secreting organisms. U 
Rate of deposition. As deposition in the sea corresponds to 
denudation on the land, we are able to make a general estimate 
of the rate at whicli the former process is going on. Leaving 
out of account the soluble matter removed, the Mississippi is 
lowering its basin at the rate of one foot in five thousand years, 
and we may assume this as the average rate at which the 
earth's land surface of fifty-seven million square miles is now 
being denuded by the removal of its mechanical waste. But sedi- 
ments from the land are spread within a zone but two or three 
hundred miles in width along tlie margin of the contments, a 
Une one hundred thousand miles long. As the area of deposi- 
tion — about twenty-five million square miles — is about one 
half the area of denudation, the average rate of deposition must 
be twice the average rate of denudation, i.e. about one foot in 
twenty-five hundred years. If some deposits are made much 
more rapidly than this, others are made much more slowly. If 



'^vfc.'A' 



OFFSHORE AND DEEP-SEA DEPOSITS '185 

they were laid no faster than the present average rate, the strata 
of ancient sea deposits exposed iii a quarry hftj teet deep repre- 
sent a lapse of at least one hundred and twenty-five thousand 
years, and those of a formation fue hundred feet thick required 
for their accumulation one million two hundred and fifty thou- 
sand years 

The sedimentary record and the denudation cycle. We have 
seen that the successive stages in a cycle of denudation, such as 
that hy which a land ma^s 
of lofty mountains is worn - ^ ^XNjNTN^- 

to low plains, are marked 
each by its own peculiar 
land forms, and that the 
forms of the earher stages 

are more oi less completely 

„ , ^, , , Fill 156 Thick Offshore Deposits of 

effaced as the cjele draw^ Coarse Waste recording the Presence 

toward an end Far more of t. Young Monntam Hange near 

lasting records of each stage **'""^ 

are left in the sedimentary deposits of the contmental delta. 
Thus, in the youth of such a land mass as we ha\e mentioned, 
torrential streams flowing down the steep mountain sides de- 
hver to the adjacent sea their heavy loads of coarse waste, and 
thick offshore deposits of sand and gravel (Fig. 156) record 
the high elevation of the bordering land. As the land is worn 
to lower levels, the amount and coarseness of the waste 
brought to the sea diminishes, until the sluggish streams cany 
only a fine silt which settles on the ocean floor near to land in 
wide sheets of mud wliich harden into shale. At last, in the 
old age of the region (Fig. 157), its low plains contribute httle 
to the sea except the soluble elements of the rocks, and in the 
clear waters near the land lime-secreting oiganisms flourish and 
their remains accumulate in beds of limestone. When long- 
weathered lands mantled with deep, well-oxidized waste are 
uplifted by a gradual movement of the eait\v'a Croat, Mii 'Oka 
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mautle is rapidly stripi)ed oflf by the revived streams, the uprise 
is recorded in wide deposits of red and yellow clays and sands 
upon the adjacent ocean floor. 

Where the waste brought in is more than the waves can 
easily distribute, as off the mouths of turbid rivers which drain 
highlands near the sea, deposits are little winnowed, and are laid 
in rapidly alternating, shaly sandstones and sandy shales. 

Where the higlilands are of igneous rock, such as granite, 
and mechanical disintegration is going on more rapidly than 
chemical decay, these conditions are recorded in the nature of 

— -^^. Sea level 



Vui. ir>7. Offshore^ Deposits rocording the Old Age of the 

Adjacent Land 

.9N, sandstone ; .s/t, shale; ///t, limestone 

the deposits laid offshore. The waste swept in by streams con- 
tains much feldspar and other minerals softer and more soluble 
than quartz, and where the waves have little opportimity to 
wear and winnow it, it comes to rest in beds of sandstone in 
which grains of feldspar and other soft nlinerals are abimdant. 
Such feldspatliic sandstones are known as arkose. 

On the other hand, where tlie waste supplied to the sea comes 
chiefly from wide, sandy, coastal plains, there are deposited off- 
shore clean sandstones of well-worn grains of quartz alone. In 
such coastal plains the waste of the land is stored for ages. 
Again and again they are abandoned and invaded by the sea as 
from time to time the land slowly emerges and is again sub- 
merged. Their deposits are long exposed to the weather, and 
sorted over by the streams, and wmnowed and worked over 
again and again by the waves. In the course of long ages such 
deposits thus become thoroughly sorted, and the grains of all 
minerals softer than quartz are ground to mud. 
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Deep-Sea Oozes and Clays 

Gioblgerina ooze. Beyond the reach of waste from the land 
the bottom of the deep sea is carpeted for the most part with 
either chalky ooze or a fine red clay. The surface waters of 
the warm seaa swarm with minute and lowly animals belong- 
ing to the order of the Foraminif- 
era, which secrete shells of carbonate 
of lime. At death these tiny white 
shells fall through the sea water like 
suowflakes in the air, and, slowly dis- 
solving, seem to melt quite away be- 
fore they can reach depths greater 
than about three miles. Near shore 
they reach bottom, but are masked 
by the rapid deposit of waste derived 
from the laud. At intermediate !■■"=■ 158. (ilobiK^rina Ooze 
depths they mantle the ocean floor »"der tJ.e Mi..>sc<.pe 
with a white, soft lime deposit known as Globit/erina ooze, from 
a genus of the Foraminifera which contributes largely to its 
formation. 

Red clay. Below depths of from fifteen to eighteen thousand 
feet the ocean bottom is sheeted with red or chocolate colored 
clay. It is the insoluble residue of seashells, of the dfibris 
of submarine volcanic eruptions, of volcanic dust wafted by the 
winds, and of pieces of pumice drifted by ocean currents far 
from the volcanoes from which they were hurled. The red 
clay builds up with such inconceivable slowness that the teeth 
of sharks and the hard ear bones of whales may be dredged in 
large numbers from the deep ocean bed, where they have lain 
uuburied for thousands of years ; and an appreciable part of the 
clay is also formed by the dust of meteorites consumed in the 
atmosphere, — a dust which falls everywhere on sea and land, 
but which elsewhere is wholly masked by oUict iftyaaft.?.- 
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The dark, cold abysses of the ocean are far less affected by 
change than any other portion of the surface of the lithosphere. 
These vast, silent plains of ooze lie far below the reach of 
storms. They know no succession of summer and winter, or of 
night and day. A mantle of deep and quiet water protects them 
from the agents of erosion which continually attack, furrow, and 
destroy the surface of the land. Wliile the land is the area of 
erosion, the sea is the area of deposition. The sheets of sedi- 
ment which are slowly spread there tend to efface any inequal- 
ities, and to form a smooth and featureless subaqueous plain. 

With few exceptions, the stratified rocks of the land are 
proved by their fossils and composition to have been laid in 
the sea; but in the same way they are proved to be offshore, 
shallow-water deposits, akin to those now making on continen- 
tal shelves. Dee^vsea deposits are absent from the rocks of the 
land, and we may tlierefore infer that the deep sea has never 
held sway where the continents now are, — that the continents 
have ever been, as now, tlie elevated portions of the lithosphere, 
and that the deep seas of the present have ever been its most 
depressed portions. 

The Eeef-I)UIlding Corals 

In warm seas the most conspicuous of rock-making organisms 
are the corals known as the reef builders. Floating in a boat 
over a coral reef, as, for example, off the south coast of Florida 
or among the Bahamas, one looks down through clear water on 
thickets of branchmg coral shrul)S perhaps as much as eight 
feet high, and hemispherical masses three or four feet thick, all 
abloom with countless minute flowerlike coral polyps, gorgeous 
in their colors of yellow, orange, green, and red. In structure 
each tiny polyp is little more than a fleshy sac whose mouth 
is surrounded with petal-like tentacles, or feelers. From the 
sea water the polyps secrete calcium carbonate and build it up 
into the stony framework which supports their colonies. Boring 
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uska, worms, and sponges perforate aiid honeycomb this 
eworb even wiiile its surface is covered with myriads of 
g polyps. It is thus easily broken by the waves, and white 
uents of coral trees strew the gi^ouiid beneath. Brilliantly 
ed fishes live m these coral groves, and countless moUusks, 
irehiuK, and other forms of marine life make here their 




). With the debris from all these sources the reef is con- 
ly built up imtil it rises to low-tide level Higher than this 
iorals cannot grow, since they are killed by a tew hours' 
iure to the air. 

hen the reef has risen to wave base, the waves abrade it 
lie windward side and pile to leeward coral blocks torn 
their foundation, tilling the interstices with liner fragments. 
they heap up along the reef low, narrow \ala\iia t?\%-\.^'\i^. 
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Eeef building is a comparatively rapid progress. It has been 
estimated that off Florida a reef could be built up to the surface 
from a depth of fifty feet in about fifteen hundred years. 

Coral limestones. Limestones of various kinds are due to the 
reef builders. Tlie reef rock is made of corals in placfe and 
broken fragments of all sizes, cemented together with calcimri 
carbonate from solution by infiltrating waters. On the island 

beaches coral sand is forming oolitic 
r^ "/"-""~ ^^ ^^?v^^^^ limestone, and the white coral mud 
, ., , , , with which the sea is milky for miles 

Fig. 160. Wave-Built Lsland , , o- - ^ 

on Coral Reef about the reef m times of storm settles 

, , , and concretes into a compact limestone 

r, reef ; «, sea level ^ 

of finest grain. Corals have been 
among the most important limestone builders of the sea ever 
since they made their appearance in the early geological ages. 

The areas on which coral limestone is now forming are large. 
The Great Barrier lieef of Australia, which lies oflf the north- 
eastern coast, is twelve hundred and fifty miles long, and has a 
width of from ten to ninety miles. Most of the islands of the 
tropics are either skirted with coral reefs or are themselves of 
coral formation. 

Conditions of coral growth. Eeef-building corals cannot live 
except in clear salt water less, as a rule, than one hundred and 
fifty feet in depth, with a winter temperature not lower than 
68° F. An important condition also is an abundant food sup- 
ply, and this is best secured in the path of the warm oceanic 
currents. 

Coral reefs may be grouped in three classes, — fringing reefs, 
barrier reefs, and atolls. 

Fringing reefs. These take their name from the fact that they are 
attached as narrow fringes to the shore. An example is the reef which 
forms a selvage about a mile wide along the northeastern coast of 
Cuba. The outer margin, indicated by the line of white surf, where 
the corals are in vigorous growth, rises from about forty feet of water. 
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Between this and the shore lies a stretch of shoal across which one can 
wade at low water, composed of coral sand with here and there a clump 

of growing coral. 

} 

Barrier reefs. Eeefs separated from the shore by a ship 
shannel of quiet water, often several miles in width and feome- 
bimes as much as three hundred feet in depth, are known as 
barrier reefs. The seaward face rises abruptly from water too 
ieep for coral growth. Low islands are cast up by the waves 
upon the reef, and inlets give place for the ebb and flow of the 
bides. Along the west coast of the island of New Caledonia 
ei barrier reef extends for four hundred miles, and for a length 
of many leagues seldom approaches within eight miles of the 
shore. 

Atolls. These are ring-shaped or irregular coral islands, or 
island-studded reefs, inclosing a central lagoon. The narrow 
zone of land, like the rim of a great bowl sunken to the water's 
edge, rises hardly more than twenty feet at most above the sea, 
and is covered with a forest of trees such as the cocoanut, whose 
seeds can be drifted to it uninjured from long distances. The 
white beach of coral sand leads down to the growing reef, on 
whose outer margin the surf is constantly breaking. The sea 
face of the reef falls oflf abruptly, often to depths of thousands 
of feet, while the lagoon varies in depth from a few feet to one 
himdred and fifty or two himdred, and exceptionally measures 
as much as three hundred and fifty feet. 

Theories of coral reefs. Fringing reefs require no explanation, 
since the depth of water about them is not greater than that at 
which coral can grow ; but barrier reefs and atolls, which may 
rise from depths too great for coral growth, demand a theory of 
their origin. 

Darwin's theory holds that barrier reefs and atolls are formed 
from fringing reefs by subsidence^ The rate of sinking cannot 
be greater than that of the upbuilding of the reef, since other- 
wise the corals would be carried below their dept\v a\\^ diXo^NXifc^ 
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The process ia illustrated ill Figure 161, where v represents a vd- 
canic island in mid ocean undeigoing slow depression, and ss the 
sea level before the siuking began, when the island was surrounded 
by a fringing reef. As the island slowly sinks, the reef builds 
up with equal pace. It rears its seaward face more steep thap 
the island slope, and thus the iuter\'emng space between the sink- 
ing, narrowing land and the outer margin of the reef constantly 
widens. In this interieniiig space the corals are more o*-les3 
smothered with sdt from the outer reef and from the land, and 
are also depn\ed m lai^ measure of the needful supply of food 




llieory of Coral Keek 



and oxygen hy the Mgorcjus growth of the corals on the outer 
rim. The outer nui thus becomes a barrier reef and the inner 
belt of retarded grow tli 11 deepened bj subsidence to a ship chan 
nel, s's' representing sea level at this time The final stage 
where the island has been earned completely beneath the i6a 
and overgrown b> the cuntractmg reef, whose outer ring now 
forms an atoll, is represented by s"s" 

In very manj instances, however, atolls and barrier reefs may 
be explained without subsidenre Thus a barrier reef may be 
formed by the seaward growth of a frmgmg reef upon the talus 
of its sea face In F^uie lb2 / is a fringmg reef whose ofiter 
wall rises from about one hundred and fifty feet, the lower Umit 
of the reef-building species. At the foot of this submarine diff 
a talu3 of fallen blocks t accumulates, and as it reaches the zone 
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al growth becomes the foundation on which the reef is 
y extended seaward. As the reef widens, the polyps of 
rcumference flourish, while those of the inner belt are 
id in their growth and at 
rish. Tlie coral rock of the 
)elt is now dissolved by sea 
and scoured out by tidal 
ts until it gives place to a 
Uy deepening ship eliannel, 
;he outer mai^in is left as 
er reef 

nuch the same wa} atoUs 
built on an} shoal which hes within the zone of coral 
Such shoals maj be produced when volcanic islands 
eled b\ waves and ocean currents, and when subma- 
ateaus ndges and peaks are built up by various oi^nic 
s such as molluscous and foraminiferal shell deposits 
33) The reef buildmg corals, whose e^s are drifted 
widely over the tropic s 



by ocean currents, colonize 
such submarine foundations 
wherever the conditions are 
favorable for their growth. 
As the reef approaches the 
a Shoal surface the corals of the in- 
ner area are smothered by ■ 
silt and starved, and their 
hard parts are dissolved and 
scoured away; while those 
of the circumference, with 
nt food supply, flourish and build the ting of- the atolL 
may be produced also by the backward drift of sand fromi 
md of a crescentic coral reef or island, the spits uniting 
luiet water of the lee to inclose. a lagoon. Id. ftve 'Vi.'alitoN*. 



Section of Atoll 
1^ htw been bnilt up 

ce by Organic Depuallfl upnn a 
aniie Volcanic Ptik 

/ toraminiteral iepiw ts m 
scoUH shell deposits; e, fora,! reef; 
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Archipelago all gradations between crescent-shaped islets and 
complete atoll rings have been observed. 

In a number of instances where coral reefs have been raised hj 
movements of the earth's crust, the reef formation is found to be a thin 
veneer built upon a foundation of other deposits. Thus Christmas 
Island, in the Indian Ocean, is a volcanic pile rising eleven hundred 
feet above sea level and fifteen thousand five hundred feet above the 
bottom of the sea. The summit is a plateau surrounded by a rim of 
hills of reef formation, which represent the ring of islets of an ancient 
atoll. Beneath the reef are thick beds of limestone, composed largely 
of the remains of foraminifers, which cover the lavas and fragmental 
materials of the old submarine volcano. 

Among the ancient sediments which now form the stratified rocks 
of the land there occur many thin reef deposits, but none are known of 
the immense thickness which modern reefs are supposed to reach 
according to the theory of subsidence. 

Barrier and fringing reefs are commonly interrupted off the mouths 
of rivers. AVhy ? 

Summary. We have seen that the ocean bed is the goal to 
which the waste of the rocks of the land at last arrives. Their 
soluble parts, dissolved by underground waters and carried to 
the sea by rivers, are largely buUt up by living creatures into 
vast sheets of limestone. The less soluble portions — the waste 
brought in by streams and the waste of the shore — form the 
muds and sands of continental deltas. All of these sea deposits 
consolidate and harden, and the coherent rocks of the land are 
thus reconstructed on the ocean floor. But the destination is 
not a final one. The stratified rocks of the land are for the 
most part ancient deposits of tlie sea, wliich have been lifted 
above sea level; and we may believe that the sediments now 
being laid offshore are the " dust of continents to be," and will 
some time emerge to form additions to the land. We are now to 
study the movements of the earth's crust wliich restore the sedi- 
ments of the sea to the light of day, and to whose beneficence 
we owe the habitable lands of the present. 
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Paet II 

INTERNAL GEOLOGICAL AGENCIES 

CHAPTER IX 

MOVEMENTS OF THE EARTH'S CRUST 

The geological agencies wMch we have so far studied — 
weathering, streams, underground waters, glaciers, winds, and 
the ocean — all work upon the earth from without, and all are 
set in motion by an energy external to the earth, namely, the 
radiant energy of the sim. All, too, have a common tendency 
to reduce the inequalities of the earth's surface by leveUng the 
lands and strewing their waste beneath the sea. 

But despite the unceasing efforts of these external agencies, 
they have not destroyed the continents, which still rear their 
broad plains and great plateaus and mountain ranges above the 
sea. Either, then, the earth is very young and the agents of 
denudation have not yet had time to do their work, or they 
have been opposed successfully by other forces. 

We enter now upon a department of our science which treats 
of forces which work upon the earth from within, and increase 
the inequalities of its surface. It is they which upUft and re- 
create the lands which the agents of denudation are continually 
destroying; it is they which deepen the ocean bed and thus 
withdraw its waters from the shores. At times also these forces 
have aided in the destruction of the lands by gradually lower- 
ing them and bringing in the sea. Under the action of forces 
resident within the earth the crust slowly risea ot s»YDkk^\ ttotCL 
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time to time it has been folded and broken ; while vast quanti- 
ties of molten rock have been pressed up into it from beneath 
and outpoured upon its surface. We shall take up these pheno- 
mena in the following chapters, which treat of upheavals and 
depressions of the crust, foldings and fractures of the crust, 
earthquakes, volcanoes, the interior conditions of the earth, min- 
eral vems, and metamorpliism. 

Oscillations of the Crust 

Of the various movements of the crust due to internal agen- 
cies we will consider first those called oscillations, which lift or 
depress large areas so slowly that a long time is needed to pro- 
duce perceptible changes of level, and which leave the strata in 
uearly their original horizontal attitude. These movements are 
most conspicuous along coasts, where they can be referred to 
the datum plane of sea level ; we will therefore take our first 
illustrations from rising and sinking shores. 

New Jersey. Along the coasts of Xew Jersey one may find awash at 
high tide ancient shell heaps, tlie remains of tribal feasts of aborigines. 
Meadows and old forest grounds, with the stumps still standing, are 
now overflowed by the sea, and fragments of their turf and wood are 
brought to shore by waves. Assuming that the sea level remains con- 
stant, it is clear that the Xew Jersey coast is now gradually sinking. 
The rate of submergence has been estimated at about two feet per 
century. 

On the other hand, the wide coastal plain of New Jersey is made of 
stratified sands and clays, which, as their marine fossils show, were 
outspread beneath the sea. Their present position above sea level 
proves that the land now subsiding emerged in the recent past. 

The coast of New Jersey is an example of the slow and tran- 
quil oscillations of the earth's unstable crust now in progress 
along many shores. Some are emerging from the sea, some are 
sinking beneath it ; and no part of the land seems to have been 
exempt from these changes in the past. 
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Evidences of changes of level. Taking the surface of the 
sea as a level of reference, we may accept as proofs of relative 
upheaval whatever is now found in place above sea level and 
could have been formed only at or beneath it, and as proofs of 
relative subsidence whatever is now found beneath the sea and 
could only have been formed above it. 

Thus old strand lines with sea cliffs, wave-cut rock benches, 
and beaches of wave-worn pebbles or sand, are striking proofs 
of recent emergence to the amoimt of their present height above 
tide. No less conclusive is the presence of sea-laid rocks which 
we may find in the neighboring quarry or outcrop, although it 
may have been long ages since they were lifted from the sea to 
form part of the dry land. 

Among common proofs of subsidence are roads and buildings 
and other works of man, and vegetal growths and deposits, such 
as forest groimds and peat beds, now submerged beneath the sea. 
In the deltas of many large rivers, such as the Po, the Nile, the 
Ganges^.and the Mississippi, buried soils prove subsidences of 
himdreds of feet; and in several cases, as in the Mississippi 
delta, the depression seems to be now in progress. 

Other proofs of the same movement are drowned land forms 
which are modeled only in open air. Since rivers cannot cut 
their valleys farther below the baselevel of the sea than the 
depths of their channels, drowned valleys are among the plainest 
proofs of depression. To this class belong Narragansett, Dela- 
ware, Chesapeake, Mobile, and San Francisco bays, and many 
other similar drowned valleys along the coasts of the United 
States. Less conspicuous are the submarine channels which, 
as soimdings show, extend from the mouths of a nxmiber of 
rivers some distance out to sea. Such is the submerged chan- 
nel which reaches from New York Bay southeast to the edge 
oi the continental shelf, and which is supposed to have been 
cut by the Hudson River when tliis part of the shelf was a 
coastal plain. 
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Warping. In a region undergoing changes of level the rate 
of movement commonly varies in different parts. Portions of 
an area may be rising or sinking, while adjacent portions are 
stationary or moving in the opposite direction. In this way a 
land surface becomes warped. Thus, while Nova Scotia and 
New Brunswick are now rising from the level of the sea. Prince 
Edward Island and Cape Breton Island are sinking, and the sea 
now flows over the site of the famous old town of Louisburg 
destroyed in 1758. 

Since the close of the glacial epoch the coasts of Newfoundland 

and Labrador have risen hundreds of feet, but the rate of emergence 

> ^ has not been uniform. The old 

Is s 

-J 2 strand line, which stands at 

^ I five hundred and seventy-five 

feet above tide at St. John's, 
Newfoundland, declines to two 
hundred and fifty feet near 
the northern point of Labrador 
Fi<;. 104. Warped Strand Line from (Fig. 164). 

St. John's, Newfoundland, to Nach- ^^it Great Lakes. The region 

vak, Labrador r xi, r>i j. t i • i 

oi the (jrreat Lakes is now under- 
going perceptible warping. Rivers enter the lakes from the south and 
west with sluggish currents and deep channels resembling the estua- 
ries of drowned rivers ; while those that enter from opposite directions 
are swift and shallow. At the western end of Lake Erie are found 
submerged caves containing stalactites, and old meadows and forest 
grounds are now under water. It is thus seen that the water of the 
lakes is rising along their southwestern shores, while from their north- 
eastern shores it is being withdrawn. The region of the Great Lakes 
is therefore warping ; it is rising in the northeast as compared with the 
southwest. 

From old bench marks and records of lake levels it has been esti- 
mated that the rate of warping amounts to five inches a century for every 
one hundred miles. It is calculated that the water of Lake Michigan is 
rising at Chicago at the rate of nine or ten inches per century. The 
divide at this point between the tributaries of the Mississippi and Lake 
Michigan is but eight feet above the mean stage of the lake. If the 
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canting of the region continues at its present rate, in a thousand years 
the waters of the lake will here overflow the divide. In three thousand 
five hundred years all the lakes except Ontario will discharge by this 
outlet, via the Illinois and Mississippi rivers, into the Gulf of Mexico. 
The present outlet by the Niagara River will be left dry, and the divide 
between the St. Lawrence and the Mississippi systems will have shifted 
from Chicago to the vicinity of Buffalo. 

Physiographic effects of oscillations. We have already men- 
tioned several of the most important effects of movements of 
elevation and depression, such as their effects on rivers, the 
mantle of waste (pp. 85, 86), and the forms of coasts (p. 166). 
Movements of elevation — including uplifts by folding and 
fracture of the crust to be noticed later — are the necessary 
conditions for erosion by whatever agent. They determine the 
various agencies which are to be chiefly concerned in the wear 
of any land, — whether streams or glaciers, weathering or the 
wind, — and the degree of their efficiency. The lands must 
be uplifted before they can be eroded, and since they must be 
eroded before their waste can be deposited, movements of ele- 
vation are a prerequisite condition for sedimentation also. Sub- 
sidence is a necessary condition for deposits of great thickness, 
such as those of the Great Valley of California and the Indo- 
Gangetic plain (p. 101), the Mississippi delta (p. 109), and the 
still more important formations of the continental delta in 
gradually sinking troughs (p. 183). It is not too much to say 
that the character and thickness of each formation of the strati- 
fied rocks depend primarily on these crustal movements. 

Along the Baltic coast of Sweden, bench marks show that the sea is 
withdrawing from the land at a rate which at the north amounts to 
between three and four feet per century. Towards the south the rate 
decreases. South of Stockholm, until recent years, the sea has gained 
upon the land, and here in several seaboard towns streets by the shore 
are still submerged. The rate of oscillation increases also from the coast 
inland. On the other hand, along the German coast of the Baltic the 
only historic fluctuations of sea level are those which it\2b^ \i^ ^Q,<iQ\r5iXfc^ 
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by variations due to changes in rainfall. lu 1730 CKlsius explained 
tile changea of level of the Swedish coast as due to a, lowering of the 
laltic instead of to an elevation of the laud. Are the facta just stated 
tent with his theory? 
t the little town of Tadouaac — where the Saguenay River emp- 
&to the St. Lawrence — there are terraces of old sea beaches, s 
biotrt aa fresh as recent railway Gils, tli 
d thirty feet above the river 
P(Fig. 165). Here the Saguenay 
ia eight hundred and forty feet 

in depth, and the tide ebbs , 

knd flows far up its stream. 

Was its channel cut to this Fia 

depth by the rirer when tlie 

land was at its present height? f ^^ 

What OBcillatious are here r<^- 

corded, and to what amount? 

A few miles north of Naples, Italy, the 
temple lie by the edge of the 




Diagram showing Rui 
Temple, North of Naples 

nncieBt sea cliff; m, martile pillars, 
dutted where Iiored by mollusks; ^, 
present sea level 

3 of 8 



1 ancient Roman 
V plilin which ia overlooked 
I by an old sea cliff (Fig. 160). Three marble pillars are still 
standing. For eleven feet above their bases these columns are unin- 
jured, for to this height they were protected by an accumulation of 
volcanic ashes; but from eleven to nineteen feet they are closely pitted 
^ilth the holes of boring marine moUusks. From these facts trace the 
history of the oscillations of the region. 



Foldings of the Crust 

Tlie oscillations wMcii we have just described ]ea\'e the strata 
Hot far from their origmal horizontal attitude Figure lb7 repre- 
sents a region in whiuh movements of a ver-y different nature 




In a Region of f oldfid SLucYa 
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I have taken place. Here, on either side of the valley v, we 
find outcrops of layers tilted at high angles. Sections along 
the ridge r show that it is composed of layers whiuh slant 
/Si^SySk inward from either side. In places the 
outcropping strata stand nearly on ei^e, 
and ou the right of the valley they ate 
quite overturned ; a shale sh has come 
Fio. 168. Dip and Strike t^ overUe a limestuue Im. although the 
shale is the older rock, whose original position was beneath the 
limestone. 

It is not reasonable to suppose that these rocka were dqio^tetl 
in the attitude in which we find them now ; we must bdieve 
that, like other stratified rocks, they were outspread in nearly 
level sheets upon the ocean floor. Since that time they must 
have been deformed. Layers of solid rock several miles in 
thickness have been crumpled and folded like soft wax in the 
I, and a vast deiuidatioii has wm-ii away the upj.ier poiLiunf 



of tlie f<ilds, m part repr( 

Dip and strike. In 
districts where the 
strata have been dis- 
turbed it is desirable to 
record their attituda 
This is most easily done 
by taking the angle at 
which the strata are in- 
clined and the compass 
direction in which they 
slant. It is also con- 
venient to record the 



''■tiiin by iluttcd hues. 




An Anticline, Majyland 



direction in which the outcrop of the strata trends across the 
country. 

The inclinatioii of a bed of rocks to the horizon is its diji 
(Fig. 168). Tlie amount of the dip is the angle made with a 
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horizontal plane. The dip of a homoiital layer is zero, and that 
of a vertical layer is 90°. The direction of the dip is taken 
with the compass. Thus a geologist's notebook in describing 
the attitude of outcropping stmta contains many such entries 
as these ; dip 32° north, or dip 8° south 20° west,- — meaning in 
the latter case that tlie airiotiiit of the dip is 8° and the direc- 
tion of tlie aip beiiLs 20° west of south. 




DfiJ and al 



A ayncline in tlio center, with an antii^line iui either aide 
te of intersection of a layer with the horizontal plane 
The strike always runs at right angles to the dip. 

Dip and strike may be illnHtrated by a book set aslant on a shelf. 
The liip is tlie aRiite angle made witli tlie shelf by the aide of the 
book, while the strike is represented by a line runtiing along the book's 
ujiper edge. If the dip is north or south, the strike ruim east and west. 

Folded structures. An upfold, in winch the strata dip away 
from a line drawn along the crest and called the axis of the 
fold, is known as an anticline (Fig. 169). A dowijfold, where 
tlie strata dip from either side toward the axis o£ th.6 Vtti\v^,S& 
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called a syncline (¥\%. 170). There is sometimes seen a down- 
ward bend in horizontal or gently inclined strata, by which they 
descend to a lower level 
Such a single flexm-e is a 
7>ioiix>dine (Fig. 171). 

Degrees of folding. Folds 
vary in degree from broad, 
low swells, wliich can hard- 
ly be detected, to the most 
highly contorted and cora- 




Fio 171 A Monochne 



plicated etnictures. In symmdric folds (Figs. 169 and 180) the 
dipa of the rocks on each siile the axis of the fold are equal 
In wtsymmetrical folils one limb ia steeper than the otlier, as 
in the anticline in Figure 167. In oveftumed folds (F^. 167 
and 172) one limb is inclined beyond the perpendicular. Fail 
folds have been ao pinched that the original anticlines are left 
broader at the top than at the bottom (Fig. 173). 




In folds wlwre tlie compreasion has been great the layers are often 
found thickened at the crest and thinned alons the limbs (Fig. 174). 
Where strong rocks such && heavy limestones are folded together irilli 
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weak rocks such as shales, the strong rocks are often bent into great 
simple folds, while the weak rocks are minutely crumpled. 

Systems of folds« As a rule, folds occur in systems. Over 
the Appalachian mountain belt, for example, extending from 
northeastern Pennsylvania to northern Alabama and Georgia, 
the earth's crust has 
been thrown iato a 
series of parallel folds 
whose axes run from 
northeast to south- 
west (Fig. 175). In 
Pennsylvania one ^'^- ^'^^' *^^" *^^^^^' ^^^ ^^^ 

may count a score or more of these earth waves, — some but from 
ten to twenty miles in length, and some extending as much as 
two hundred miles before they die away. On the eastern part 
of this belt the folds are steeper and more numerous than on 
the western side. 

Cause and conditions of folding. The sections which we have 
studied suggest that rocks are folded by lateral pressure. WhUe . 
a single, simple fold might be produced by a heave, a series of 
folds, including overturns, fan folds, and folds thickened on 
their crests at the expense of their limbs, could only be made 

in one way, — by pressure from the 
side. Experiment has reproduced all 
forms of folds by subjecting to lat- 
eral thrust layers of plastic material 
such as wax. 

Vast as the force must have been 
which could fold the solid rocks of 
the crust as one may crumple the 
leaves of a magazine in the fingers, it is only under certain con- 
ditions that it could have produced the results which we see. 
Rocks are brittle, and it is only when under a heavy load, and 
by great pressure slowly applied, that they can Wi\\s> \i^ i<^^^^ 




Fig. 174. Folds with Layers 
thickened at the Crest 
and thinned along the 
Limbs 



From Brigham's Geographic hijliieniXK in American Iliitary 

and bent insteid of being crushed to pieces. Under these con- 
ditions, experiments prove that not only metals such as steel, 
but also brittle rocks such as marble, can be deformed aiiJ 
molded and inside to flow like plastic clay. 



MOVEMENTS OF THE EARTH'S CRUST 207 

Zone of flowy zone of flow and fracture, and zone of fracture. 
We may beKeve that at depths which must be reckoned in tens 
of thousands of feet the load of overlying rocks is so great that 
rocks of all kinds yield by folding to lateral pressure, and flow 
instead of breaking. Indeed, at such profound depths and under 
such inconceivable weight no cavity can form, and any fractures 
would be healed at once by the welding of grain to grain. At 
less depths there exists a zone where soft rocks fold and flow 
under stress, and hard rocks are fractured ; while at and near 
the surface hard and soft rocks alike yield by fracture to strong 
pressure. ^ — - 

Structures developed in Compressed Rocks 

Deformed rocks show the effects of the stresses to which 
they have yielded, not only in the immense folds into which 
they have been thrown but in their smallest parts as well. 
A hand specimen of slate, or even a particle under the micro- 
scope, may show plications similar in form and origin to the 
foldings which have produced ranges of mountains. A tiny 
flake of mica in the rocks of the Alps may be puckered by the 
same resistless forces which have folded miles of solid rock to 
form that lofty range. 

Slaty cleavage. Eocks which have yielded to -pressure often 
split easily in a certain direction across the bedding planes. 
This cleavage is known as slaty cleavage, since it is most per- 
fectly developed in finp-ffl-f ^inpH^ hoTnogeneons rocks, such as 
slates, which cleave to the thin, smooth-surfaced plates with 
which we are familiar in the slates used in roofing and for 
ciphering and blackboards. In coarse-grained rocks, pressure 
develops more distant partuigs^Tiicli separate the rocks into 
blocks. 

Slaty cleavage cannot be due to lamination, since it commonly 
crosses bedding planes at an angle, while these planes have 
l)een often well-nigh or quite obliterated. Examimxi^ ^-aJo^^S^ 
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;i>li<;, we find that its cleav^e is due to the grain of 
the rock. Its [Miiticles are flattened and lie with their broad 
faces in parallel planes, along which the rock naturally splits 
more easily than iii any other direction. Tlie irregular grains 
of the mud which has been altered to slate have been squeezed 
flat by a pressure e: 
erted at right angles 
to the plai 

age. Cleavage is 
found only in folded 
rocks, and, as we 
may see in Figure 
17fi, the strike of the 
cleavage iims parallel to the strike of the strata and the* asis 
of the folds. Tlie dip of the cleavage is generally steep, hence 
the pressure was nearly horizontal. The pressure which has 
acted at right angles to the cleavage, and to which it is due, is 
the same lateral pressure which has thrown the strata into folds. 

We find aiiJitional proof that slates have undergone compression at 
right angles to their cieuvage in the fact that any inclusions in them, 
such as nodules and fossils, have been squeezed out of shape and have 
their long diameters lying in the planes of cleavage. 

That presHtire is competent to cause cleavage is shown by esperi- 
ment. Homugeneous material of fine grain, such as beeswax, when 
subjected to hea;^ pressure cleaves at right angles to the direction of 
the compressing force. 

Rate of folding. All the facts known with r^ard to rock 
deformation agree that it is a secular process, taking place so 
slowly that, like the deepening of valleys by erosion, it escapes 
the notice of the inhabitants of the region. It is only under 
stresses slowly applied that rocks bend without breaking. The 
folds of some of the highest mountains have risen so gradually 
that strong, well-intrenched livers which had the right of way 
across the region were able to hold to their courses, and as 
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a circular saw cuts its way through the 1(^ which is steadily 
driven agaiast it, so these rivers sawed their goi^es through 
the fold as fast as it rose beneath them. Streams which thus 
maintain the course which thev had antec edent to a deforma- 
tion of the r^on are known as (a nieeederU^ treams. Examples 
of such are the Sutlej and other rivers oi India, whose valleys 
trench the outer ranges of the Himalayas and whose earlier 
river deposits have been upturned by the rising ridges. On 
the other hand, mountain crests are usually divides, parting the 
head waters of different drainage systems. In these cases the 
original streams of the r^on have been broken or destroyed by 
the uplift of the mountain mass across their paths. 

Oil the whole, which have worked more rapidly, proceases of defor- 
m&tion or of denudation ? 



Land roRMS due to Folding 

As folding goes on so slowly, it is never left to form surface 
features unmodified by the action of other agencies. An anti- 
clinal fold is attacked by 
erosion as soon as it beguis 
to rise above the ordinal 
level, and the h^her it is 
uplifted, and the stronger 
are its slopes, the faster is 
it worn away. L\ en while 
risuig, a young upfold is 
often thus unroofed and 
uistead of appearing as a 
long, smooth, boatshaped ^"^ l" ^n Unroofed Anticline 

ridge, it commonly has had opened along the lotks of the axis 
when these are weak a \alle> which is o\eilooked b> the ui 
facing escarpments of the hard lajers of the iides of the fold 
(Fig. 177). Under longcontmued erosion, antitliBes Toa.'j 'c« 
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degraded to valleys, while tlie syuelinea of the same system 
may be left in relief aa ridges (Fig. 167). 

Folded mountains. The vastness of the forces which wrin- 
kle the crust is best realized in the presence of some lofty 
moutitaiu range. All mimiitaiiis, indeed, are not the result of 
folrfiiig. Some, aa we shall see, are due to iipwarps or to frac- I 
tures of the cnist ; souu' are jtiles of volcanic material ; some 




are swellings caused by the intrusion of-molten matter beneath 
the surface ; some are the relicts left after tiie long denudation 
of high plateaus. 

But most of the mountain ranges of the earth, and some of 
the greatest, such as the Alps and the ■ Himalayas, were origi- 
nally mountains of folding. The earth's cr\ist has wrinkled into 
a fold; or into a series of folds, forming a series of paiflllfll 
ridges and intervening valleys ; or a number of folds have beffl 
mashed together into a vast upswelling of the crust, in whiob 
the layers have been so crumpled and twisted, overturned and 
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crushed, that it is exceedingly diificult to make out the origi- 
nal structura 

The close and intricate folda seeu in great mountain ranges 
were formed, as we have seen deep helow the surface within the 
zone of folding Hence they may ne^er have found expression 
in any individual surface features As the result of these defoi^ 
mations deep under ground the surface was brotdlj hfted to 
mouotain height and the crumpled and twisted mountain 




) 

Fra 179 Section of a Portion of the Alps 
structuies are now to be seen only because erosion has swept 
away the heavy cover of surface rocks under whose load tliey - 
were developed, 

WheD the Btnicture of mountains has been deciphered it is possible 
to estimate roughly the amount of horizontal compression which the 
region has auffered. If the strata of the folds of the Alps were smoothed 
out, they would occupy a belt seventy-four miles wider than that to 
•hioh they have been compressed, or twice their present width. A sec- 
tioD across the Appalachian folds in Pennyslvania shows a compTeBBion 
lo about two thirds the original width ; the belt has been shortened 
thirty-five miles in every hundred. 

Considering the thickness of their strata, the compression which moun- 
tains have undergone accounts fully for their height, witli enough to 
spate for all that has been lost by denudation. 

The Appalachian folds involve strata thirty thousand feet in thick- 
ness. Assuming that the folded strata rested on an unyielding founda- 
tion, and that what-was lost in width was gained in height, what elevation 
vould the range have reached had not denudation 'wo'ca \t aj& \V tu^'t 
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The life history of mountains. Wliile the disturbance and 
uplift of mountain masses are due to deformation, thdbr sculp- 
ture into ridges and peaks, valleys and deep ravines^ and all 
the forms which meet the eye in mountain scenery, excepting 
in the very youngest ranges, is due solely to erosion. We may 
therefore classify mountains according to the d^ree to which 
they have been dissected. The Juras are an example of the 
stage of early youth, in which the anticlines still persist as ridges 
and the syncliiies coincide with the valleys ; this they owe as 
much to the slight height of their uplift as to the recency of its 
date (Fig. 180). 

The Alps were upheaved at various times (p. 399), the last 
uplift being later than the uplift of the Juras, but to so much 
greater height that erosion has already advanced them well on 




Fig. 180. Section of a Portion of the Jura Mountaiiis 

towards maturity. The mountain mass has been cut to the core, 
revealing strange contortions of strata wliich could never have 
found expression at the surface. Sliarp peaks, knife-edged crests, 
deep valleys with ungraded slopes subject to frequent landsHdes, 
are all features of Alpine scenery t}^ical of a mountain range 
at this stage in its life history. They represent the survival of 
the hardest rocks and the strongest structures, and the destruc- 
tion of the weaker in their long struggle for existence against 
the agents of erosion. Although miles of rock have been re- 
moved from such ranges as the Alps, we need not suppose that 
they ever stood much, if any, higher than at present. All this 
vast denudation may easily have been accomplished while their 
slow upheaval was going on ; in several mountain ranges we 
have evidence that elevation has not yet ceased. 

Under long denudation mountains are subdued to the forms 
characteristic of old age. The lofty peaks and jagged crests of 
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their earlier life are smoothed dowii tu low domes and rounded 
3ts. The southeru Appalacbians and portions of the Hartz 
Mountains in Germany (Fig. 182) are examples of mountain 
which have reached this staga 

There are numerous regions of upland and plains in which 
the rocks are found to have the same structure that we have 
seen in folded mountains ; they are tilted, crumpled, and ovei^ 
turned, and have clearly siiffered mtenae compression. We may 




infer LhiiL their folds wuvu 'inix lifted to the height uf mounteins 
and have since been wasted to low-lying lauds. Such a section 
as that of Figure 67 illustrates how aneient mountains may 1» 
leveled to their roots, and represents the final stage to whiet 
even the Alps and the Himalayas must sometime arrive. 
Mountains, perliaiis of Alpine height, once stood about Laks 
Superior ; a lofty range once extended from New England aiiil 
New Jersey southwestward to Georgia along the Kedmoot belt 
In our study of historic geology we shall see more clearly hp* 
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short is the life of mountains as the earth counts time, and how 
great ranges have been lifted, worn away, and again upheaved 
into a new cycle of erosion. 

The sedimentary history of folded mountains. We may men- 
tion here some of the conditions which have commonly been 
antecedent to great foldings of the crust. 

1. Mountain ranges are made of belts of enormously and 
exceptionally thick sediments. The strata of the Appalachians 
are thirty thousand feet thick, while the same formations thin 
out to five thousand feet in the Mississippi valley. The folds of 
the Wasatch Moimtains involve strata thirty thousand feet thick, 
which thin to two thousand feet in the region of the Plains. 

2. The sedimentary strata of which mountains are made are 
for. the most part the shallow- water deposits of continental 
deltas. Mountain ranges have been upfolded along the margins 
of continents. 

3. Shallow-water deposits of the immense thickness found 
in numntam ranges can be laid only in a gradually sinking area. 
A profound subsidence, often to be reckoned in tens of thou- 
sands of feet, precedes the upfolding of a mountain range. 

Thus the history of mountains of folding is as follows: For 
long ages the sea bottom off the coast of a continent slowly 
subsides, and the great trough, as fast as it forms, is fiUed with 
sediments, which at last come to be many thousands of feet 
thick. The downward movement finally ceases. A slow but 
resistless pressure sets in, and gradually, and with a long series 
of many intermittent movements, the vast mass of accumulated 
sediments is crumpled and uplifted into a mountain range. 



j Fractukes and Dislocations of the Crust 



f Considering the immense stresses to which the rocks of the 
crust are subjected, it is not surprising to find that they often 
yield by fracture, like brittle bodies, instead oi b^ l^Mva?^ ^jscv.^ 
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flowing, like plastic eolida. Whetlier rcMiks beml or break de- 
pends on the character and condition of the rocka, the load of 
overlying rocks which they bear, and tlie amount of the force i 
and the slowness with which it ia applied. 

Joints. At the surface, where their load is least, we find rocks 
universally broken into bIock8 of greater or less size by partings 
known as joints. Under this name are included many division 
planes caused by cooluig and dryuig; but it is now generally 
believed that the lai^er and more regular joints, especially those 




Flit. J83. JuilitB utilized by a. lU 



Valley, Iowa 



which run parallel to the dip and strike of the strata, are frac- 
tures due to up-and-down movements and foldings and twiatings 
of the rocka. 

Joints are used to great advantage in quarrying, and we have 
seen bow they are utilized by the 'weather in breaking up roci 
masses, by rivers in widening their valleys, by the sea in driving 
back its cliffs, by glaciers in plucking their beds, and how they 
are enlai^d in soluble rocks to foi'iu natural pasaagewaya for 
uodei;gTound waters. The ends of the parted strata match along 
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Fig. 184. A Normal Fault 



both sides of joint planes ; in joints there has been little or no 
displacement of the broken rocks. 

Faults. In Figure 184 the rocks have been both broken and 
dislocated along the plane ^. One side must have been moved 
up or down past the other. Such a dislocation is called a fault. 
The amount of the displacement, as measured by the vertical 
distance between the ends of a parted layer, is the throw (cd). 
The angle (ffv) which the fault plane 
makes with the vertical is the hade. 
In Figure 184 the right side has gone 
down relatively to the left ; the right 
is the side of the downthrow, while 
the left is the side of the upthrow. 
Where the fault plane is not vertical the 
sui&oes on the two sides may be dis- 
tingaJBtied as the hanging wall (that on the right of Figure 184) 
and the foot wall (that on the left of the same figure). Faults 
differ in throw from a fraction of an inch to many thousands 
of feet 

Slidcensides. If we examine the walls of a fault, we may find further 
evidenoe of movement in the fact that the surfaces are polished and 
grooved by the enormous friction which they have suffered as they 
liave ground one upon the other. These appearances, called slicken- 
sides, have sometimes been mistaken for the results of glacial action. 

Normal faults. Faults are of two kinds, — normal fault? 
and thrust faults. Normal faults, of which Figure 184 is an 
example, hade to the downthrow ; the hanging waU has gone 
down. The total length of the strata has been increased by the 
displacement. It seems that the strata have been stretched and 
broken, and that the blocks have readjusted themselves under 
the action of gravity as they settled. 

Thrust faults. Thrust faults hade to the upthrow; the 
hanging wall has gone up. Clearly such faults, where the strata 
^^upy less space than before, are due to lateral U\y\3l^\,« YvAJi^ 
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Fig. 185. A Thnist Fault 



and thrust faults are closely associated. Under lateral pressure 
strata may fold to a certain point and then tear apart and fault 
along the surface of least resistance. Under immense pressure 
strata also break by shear without folding. Thus, in Figure 185, 
the rigid earth block under lateral thrust has found it easier to 
break along the fault plane than to fold. Where such faults are 

nearly horizontal they are 
distinguished as thrust 
plaiies. 

In all thrust faults one 
mass has been pushed over 
another, so as to bring the 
underlying and older strata upon younger beds ; and when the 
fault planes are nearly horizontal, and especially when the rocks 
have been broken into many slices which have slidden far one 
upon another, the true succession of strata is extremely hard to 
decipher. 

Ill th<5 Selkirk Mountains of Canada the basement rocks of the region 
hav<j been driven east for seven miles on a thrust plane, over rocks 
which originally lay thousands of feet above them. 

Along the ^vestern Appalachians, from Virginia to Georgia, the 
mountain folds are brok(»n by more than fifteen parallel thrust planes, 
running from northeast to southwest, along which the older strata have 
been pushed westward over the younger. The longest continuous fault 
has been traced three hundred and seventy-five miles, and the greatest 
horizontal displacement has been estimated at not less than eleven miles. 

Crush breccia. Rocks often do not fault with a clean and 
simple fracture, but along a zone, sometimes several yards in 
width, in which they are broken to fragments. It may occur 
also that strata which as a whole yield to lateral thrust by 
folding include beds of brittle rocks, such as thin-layered lime- 
stones, which are crushed to pieces by the strain. In eitK^ 
case the fragments when recemented by percolating waters form 
a rock known as a crush breccia (pronounced bretcha) (Fig. 186). 
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Breccia is a term applied to any rock formed of cemented 
aiigular fragments. This rock may be made by the consolida- 
tion of Tolcanic cinders, of angular waste at the foot of cliffs, or 
uf fragments of coi'al torn by the waves fn.imgwal reefs, as well 
as of strata crushed by cnistal moveniejitpST 

Surface Featitbes dub to Dislocations 
Fault scarps. A fault of recent date may be marked at sur- 
face by a scarp, because the face of the upthrowu block has not 
yet been worn U> the 
levgl of the down- 
throw side. 

After the upthrown 
block has been worn 
down to tliis level, 
differential erosion 
produces fault scarps 
wherever weak rocks 
and resistant rocks 
are brought in con- 
tact along the fault 
plane ; and the harder 
rocks, whether on the 
upthrow or the down- 
throw side, emerge 
m a line of clifta. 

Where a fault ja so old that no abrupt scarps appear, its general 
course is sometimes marked by the line of division between 
highland and lowland or hill and plam. Great faults Iiave some- 
times brought ancient crystalline rocks in contact with weaker 
L wjd younger sedimentary rocks, and long after erosion has de- 
P^ Btroyed aU faidt scarps the liarder crystallmes rise in an upland 
^q|o[ rugged or mountainous country which meets the lowland 
6\ I along the line of faulting. 
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The vast majority of faults give rise to no surface features. 
The faulted region may be old enough to have been baseleveled, 
or the rocks on both sides of the line of dislocation may be 
alike in their resistance to erosion and therefore have been 

worn down to a common slope. 
The fault may be entirely con- 
cealed by the mantle of waste, 
and in such cases it can be in- 
ferred from abrupt changes in 
the character or the strike and 
dip of the strata where they 
may outcrop near it (Fig. 187). 

Fig. 187. A Concealed Fault 

This fault may be inferred from the The plateau trenched by the 

changes in strata in passing along the (.^.^^^ Canyon of the Colorado 
Btnke, as from o to a and from cXxiV . 

River exhibits a series of mag- 
nificent fault scarps whose general course is from north to south, mark- 
ing the edges of the great crust blocks into which the country has been 
broken. The higliest part of the plateau is a crust block ninety miles 
long and thirty-five miles in maximum width, which has been hoisted 
to nine thousand three hundred feet above sea level. On the east it 
descends four thousand feet by a monoclinal fold, which passes into a 
fault towards the north. On the west it breaks down by a succession of 





Fig. 188. East- West Section across the Broken Plateau north of the 
Grand Canyon of the Colorado River, Arizona 

terraces faced })y fault scarps. The throw of these faults varies from 
seven hundred feet to more than a mile. The escarpments, however, 
are due in a large degree to the erosion of weaker rock on the down- 
throw side. 

The Highlands of Scotland (Fig. 189) meet the Lowlands on the south 
with a bold front of rugged hills along a line of dislocation which runs 
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across the country from sea to sea. On the one side are hills of ancient 

crystalline rocks whose crumpled structures prove that they are but the 

roots of once lofty mountains ; on the other lies a lowland of sandstone 

and other stratified rocks formed from the waste of those long-vanished 

mountain ranges. Remnants of sandstone 

occur in places on the north of the great 

fault, and are here seen to rest on the worn 

and fairly even surface of the crystallines. 

We may infer that these ancient mountains 

were reduced along their margins to low Fig. 189. The Fault separat- 

plains, which were slowly lowered beneath '^^S the Highlands and the 

,, , . £ T J. Lowlands, Scotland 

the sea to receive a cover of sedimentary ' 

rocks. Still later came an uplift and dislocation. On the one side 

erosion has since stripped off the sandstones for the most part, but the 

hard crystalline rocks yet stand in bold relief. On the other side the 

weak sedimentary rocks have been worn down to lowlands. 

Rift valleys. In a broken region undergoing uplift or the 
unequal settling which may follow, a slice inclosed between two 
fissures may sink below the level of the crust blocks on either 
side, thus forming a linear depression known as a rift valley, or 
valley of fracture. 

One of the most striking examples of this rare type of valley is the 

long trough which runs straight from the Lebanon Mountains of Syria 

on the north to the Red Sea on the south, and whose central portion is 

occupied by the Jor- 

--.-.-rd. '"'^^Ns__ ^ /^--^ dan valley and the 

Dead Sea. The plji- 

teau which it gashes 

has been lifted more 

than three thousand 

feet above sea level, 
«, ancient schlsto; b. Carboniferous strata; c, d, and ^^^ ^^ ^ ^^ ^ ^^ 

6, Cretaceous strata 

trough reaches a depth 

of two thousand six hundred feet below that level in parts of tlie Dead 

Sea. South of the Dead Sea the floor of the trough rises somewhat 

*We sea level, and in the Gulf of Akabah again sinks below it. This 

Uneven floor could be accounted for either by the proiowiv^ ^«jr^\w^ q'L 
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Pig. 190. Section from the Mountains of Palestine 
to the Mountains of Moab across the Dead Sea 
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a valley of erosion or by the unequal depression of the floor of a rift 
valley. But that the trough is a true valley of fracture is proved by 
the fact that on either side it is bounded by fault scarps and monoclinal 
folds. The keystone of the arch has subsided. Many geologists believe 
that the Jordan-Akabah trough, the long narrow basin of the Red Sea, 
and the chain of down-faulted valleys which in Africa extends from the 
strait of Bab-el-Mandeb as far south as Lake Nyassa — valleys which 
contain more than thirty lakes — belong to a single system of dislocation. 
Should you expect the lateral valleys of a rift valley at the time of 
its formation. to enter it as hanging valleys or at a common level? 

Block mountains. Dislocations take place on so grand a 
scale that by the upheaval of blocks of the earth's crust or the 
down-faulting of the blocks about one which is relatively sta- 
tionary, mountains known as block mountains are produced. 
A tilted crust block may present a steep slope on the side up- 
heaved and a more gentle descent on the side depressed. 

The Basin ranges. The plateaus of the United States bounded by the 
Rocky Mountains on the east, and on the west by the ranges which 
front the Pacific, have been profoundly fractured and faulted. The 

system of great fissures 
by which they are broken 
extends north and south, 
and the long, narrow, 
tilted crust blocks inter- 
FiG. 191. Block Mountains, Southern Oregon cepted between the fis- 
sures give rise to the 
numerous north-south ranges of the region. Some of the tilted blocks, 
as those of southern Oregon, are as yet but moderately carved by ero- 
sion, and shallow lakes lie on the waste that has been washed into the 
depressions between them (Fig. 191). We may therefore conclude that 
their displacement is somewhat recent. Others, as those of Nevada, are 
so old that they have been deeply dissected ; their original form has 
been destroyed by erosion, and the intermontane depressions are occupied 
by wide plains of waste. 

Dislocations and river valleys. Before geologists had proved 
that rivers can by their own unaided efforts cut deep canyons, it 
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was common to consider any narrow got^ aa a gaping fissure 
of the eru3t. This crude view has long since been set aside. 
A map of the plateaus of uoithern Aiizona shows how inde- 
pendent of tlie immense faults of the region is the course of the ' 
Colorado Eiver. In the Alps the tunnels on the Saint Gott- 
hard railway pass six times beneath the gorge of the Keuss, but 
at no point do the rucks show the slightest trace of a fault. 




!. Fault crossing Valley in Japan 



Rate of dislocation. So far as human experience goes, the 
earth muvemeuts wliich we have just studied, some of which 
have produced deep-sunk valleys and lofty mountain ranges, 
aud faults whose throw is to be measured in thousands of feet, 
are slow and gradual They are not accomplished by a single 
paroxysmal effort, but by slow creep and a series of slight slips 
continued for vast lengths of time. 

In the Aapen mining district in Colorado faulting ia now going on 
at a comparatively rapid rate. Although no sud<len slips taka place, the 
onep of the xoofc along oertaiii planes of faulting giaAu&M'j 'Wa&% oqK- 
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of shape the square-set timbers in horizontal drifts and has closed 
some vertical shafts by shifting the upper portion across the lower. 
Along one of the faults of this region it is estimated that there has 
been a movement of at least four hundred feet since the Glacial epoch. 
More conspicuous are the instances of active faulting by means of 
sudden slips. In 1891 there occurred along an old fault plane in Japan 
a slip which produced an earth rent traced for fifty miles (Fig. 192). 
The country on one side was depressed in places twenty feet below 
that on the other, and also shifted as much as thirteen feet horizon- 
tally in the direction of the fault line. 

In 1872 a slip occurred for forty miles on the great line of dislocation 
which runs along the eastern base of the Sierra Nevada Mountains. 
In the Owens valley, California, the throw amounted to twenty-five feet 
in places, with a horizontal movement along the fault line of as much as 
eighteen feet. Both this slip and that in Japan just mentioned caused 
severe earthquakes. 

For the sake of clearness we have described oscillations, fold- 
ings, and fractures of the crust as separate processes, each giv- 
ing rise to its own ' peculiar surface features, but in nature 
earth luovenients are by no means so simple, — they are oft^n 
implicated with one another : folds pass into faults ; in a 
deformed region certain rocks have bent, while others under the 
same strain, but under different conditions of plasticity and 
load, have broken; folded mountains have been worn to their 
roots, and the peneplains to which they have been denuded 
have been upwarped to mountain height and afterwards dis- 
sected, — as in the case of the Alleghany ridges, the southern 
Carpathians, and other ranges, — or, as ui the case of the Sierra 
Xevada Mountauis, have been broken and uplifted as mountains 
of fracture. 

Draw the following diagrams, being careful to show the direction in 
which the faulted blocks have moved, by the position of the two parts 
of some well-defiMed layer of limestone, sandstone, or shale, which 
occurs on each side of the fault plane, as in Figure 184. 

1. A normal fault with a hade of 15°, the original fault scarp 
remaining. 
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2. A Donnal fault with a bade of 50°, th.e original fault scarp worn 
away, sliowiiig cliffs caused by harder strata on the downthrow side. 

3. A thrust fault with a hade of 30°, showing clifta due to harder 
strata outcropping on the downthrow. 

4. A thrust fault with a hade of 80°, with surface baseleyeled. 

5. In a region of normal faults a coal mine is being worked along 
the seam of coal AB (Fig. 193). At B it is fonnd broken 
by a fault/ which hades toward A. To And the seam 
again, should you advise tanneling up or down from Bl 

8. In a vertical shaft of a coal mine the same bed of 
coal is pierced twice at different levels because of a fault. 
Draw a diagram to show whether the fault ta normal o; 



Fig. iSs" , 
i thrust. 




Fio. 194. liidges to be explained by Faulting 

7. Copy the diagram in Figure 194, showing how the two ridges may 
be accounted for by a single resistant stratum dislocated by a fault. Is 
the fault a strike fault, i.e. one running parallel with the strike of the 
strata, or a dip fault, one running parallel with the direction of the dip? 




Y. 



Fiu. 19f>. Earth Block of Tilled Strata, with Included Seam of Coal 



8. Draw a diagram of the block in Figure 105 as it would appear if 
dblocated along the plane efg by a normal fault whose throw equals 
one fourth the height of the block. Is the fault a Htnke ot % d\^ la.-(^^.'\ 
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Draw a second digram sfaoning the same block after demuUtion hu 
worn it down below the center of the apthrown side. Not« that the ont- 
crop of the coal seam ia now deceptively repeated. This exercise msj 
be done in blocks of wood instead of drawings. 




Ri^peated Outcrops of the Same SttaU 

0. Draw diugrama showing by dotted lines the conditions hoth of ^ 
and of B, Figure 19G, after deformation had given the strata their pre^- f 
ent attitiule. . Vli* 

> , XT' I 




A Block Mountain 



- 10. What is the attitude of the strata of this earth block. Figure 197? 
What has taken place along the plane hnf*. When did the dislocation 
occur compared with the folding of the strata? with the erosion ot the 
valleys on the right-hand side of the mountain? with the deposition of 
tie sedimenta efgl Uo jou. find any remnants of the original surfws 
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3/ produced bj the dislocation? From the left-hand side of the monn- 
lin infer what waa the relief of the region before the dialocation. Give 
he complete hiatorj recorded in the digram from the deposition of the 
trata to the present. 




11. Which is tlieoIdetfault,inFigurelQ8,— /or/'? Whendidthe 
ava flow occur? How long a time elapsed between the formation of the 
Vio faults as measured in the work done in the interval? How long a 
irae since the formation of the later fault? 

12. Measure by the scale the thickness he of the coal-bearing strata 
(utcropping from o to fc in Figure 199. On any convenient scale draw 
I Bimilar section of strata with a dip of 30° outcropping along a hori- 
{ODtal line normal to the strike one thousand feet in length, and meas- 
ure the thickness of the strata by the scale employed. The thickness 
Tnay also be calculated by trigonometry. 



Unconformity 
Strata deposited one upon another in an unbroken s 
ace said to be conforviahle. But the continuous deposition of 
strata is often interrupted by movements of the earth's crust 
Old sea floors are lifted to ss-; — 
[orm land and are again '" •^-^-,^^ 

depressed beneath the sea -'V" _- '-i^^^^^js 

l*> receive a cover of sedi- p^-n r^ h <~\ ■ -"■ - T^4^ ^ f^?[^^^;'f? | j | '' 

ittents only after an inter- B=xi==ii±x±j=±=t==ty==i^^^.^^^S3 

Vil during which they 

*ere carved by aubaerial 

woaion. An erosion surface which thus parts older from yotmger 

Arata is known as an uncon/onnity, and the &tTa\.& ti\i(t\Q Mu %s& 
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Fig. 201. L'licoiifoniiity between Noi 
patuUtl S 



said to be uitcon/ormahle with the rocks below, or to resti 
formably upon them. An unconformity thus records move 
of the crust and a cnnse<|ueiit break in the deposition of the atrate. ' 
It denotes a jcriod of land eT<ision of greater or less length, 
wliich may sometimes be niuyhly measured by the stage ia tlia 
evusion cycle wliich the 
land surfaoB had attained 
before its burial. Uncon- 
formable strata may be 
parallel, as in F^ure 200, 
where the record includes 
the deposition of strata a, 
,_their emeigeuce, the erosion of the laud siu^ace ss, a submer- 
gence and the deposit of the strata h, and lastly, emergence anil 
the erosion of the present surface s's'. 

Often the earth raovemeuta to wliich the uplift or depression 
was due involved tilting or folding of the earlier strata, so that 
the strata are now nonparallel as well as unconformable. In 
Figure 201, for example, the record inclinles deposition, uplift, 
and tilting of a,\ erosion, depression, the depo.sit of h; and finally 
the uplift which has 
brought the rocks to 
open air and permitted 
the dissection by which 
the imconformity ia re- 
vealed. 

From this section we 
iufer that during early 
Silurian times the 
waa sea, an4 thick sen 
muds were laid upon it. 
These were later altered 
to hard slatfifl liy pressure 
and upfolded into moun- 
tains. Daiiag the later 




':q, 202. Carboniferous Limeatones resting 
uneonformably on Early Silurian Slales, 
Yorkshire, Englaiid 
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Fig. 203. Diagram illustrating 
how the Age of Mountains 
is determined 



Silurian and the Devonian the area was land and suffered vast denuda- 
taon. In the Carboniferous period it was lowered beneath the sea and 
received a cover of limestone. 

The age of mountains. It is largely by means of unconformi- 
ties that we read the liistory of mountain making and other 
deformations and movements of the 
crust. In Figure 203, for example, 
the deformation which upfolded the 
range of mountains took place after 
the deposit of the series of strata a 
of which the mountains are com- 
posed, and before the deposit of the stratified rocks &, which 
rest imconformably on a and have not shared their uplift. 

Most great mountain ranges, like the Sierra Nevada and the 
Alps, mark lines of weakness along which the earth's crust has 
}ielded again and again during the long ages of geological time. 

The strata deposited at 
various times about 
their flanks have been 
infolded by later crump- 
hugs with the original 
mountain mass, and 
have been repeatedly 
crushed, inverted, 
faulted, intruded with 
igneous rocks, and de- 
nuded. The structure 
of great mountain 
ranges thus becomes 
exceedingly complex 




Fio. 204. Section of Mountain Kange showing 
Repeated Uplifts 

a, strata whose folding formed a mountain range ; 
tftt, baseleveled surface produced by long de- 
nudation of the mountains; &, tilted strata 
resting unconformably on a; c, horizontal 
strata parted from 5 by the unconformity 
vfyf. The first uplift of the range preceded 
tbe period of time when 6 was deposited. The 
second uplift, to which the present mountains 
owe their height, was later than this period but 
earlier than the period when strata c were laid 



and difficult to read. A comparatively simple case of repeated 
uplift is shown in Figure 204. In the section of a portion of 
:he Alps shown in Figure 179 a far more complicated history 
tnay be deciphered. 
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Fia 205 I nconforniitj hliuwing Buried Valleys 

Im, limestone; «A,Bhale; r, r*, aod r",riveisilt8 SlliDgeiodedvallaj's in tt 
stone. The upper surface ol tbe limestone U evideutly a laud surface 
oped by erorion. The Talleys which trench it ate narrow and steep 
hence the land surface had not reached maturity. The sands and miuj 
hardened to firm rovk, which fill these valleys, r. r', and r", contain ni 
ot the sea, but instead the remains of land animals and planlA. Tl; 
river deposits, and we may infer that owing to a subsidence tbe young 
ceased to degrade their channels and slowly filled their jforges with san 
silts. The overlying shale records a further depression which brou( 
land below the level of the sea. A sectioii similar to this is tn be seen 
coal mines of Bemlssaut, Belgium, where a gorge twice as deep as 
Niagara was discovered, within whose ancient river deposits were fot 
tombed the skeletons ot more than a score of the hnge reptiles charac 
ol the age when the gorge waa cut and filled 




Fig. 20f(. Cnconfonniij showing Buried Mnuntaina, Scotland 



gn, ancient crystalline rocks; sn, manoe sandstones The surface bb of t 
cieiit crystalline roclfs is mountamous, wilb peaks rising to a beigh 
much as three tbousand feet. It is one of the moat ancient land surfi 
the planet and is covered unconfomiably with pre^ambnan sandatonei 
sands of feet in thickness, iu which the Torridonian Mountains of Scotlan 
been carved. What has liecn the history of the region aiuce the mount 
surface 66 was produced by erosion? 

Unconiormitiea in the Colorado CaDyon, Aiiiona. How geologici 
tory may be read in unconformities is further illuatrated in F 
207 and 208. The dark crystalline rocka o at the bottom of thi 
yon are among the most ancient known, and are overlain unconfori 
by a mass of tilted coarse marine eandstonea 6, whose total thin 
is not seen in tlie diagram and measures twelve thousand feet pi 
dicularly to the dip. Both a and b rise to a common level nn', and 
theia rest the horizontal sea-laid strata c, in which the upper pi 
of the canyon has been cut. 



r 



MOVEMENTS OF THE EARTH'S CRUST 



ote that the crjBtalline rocks a have been crumpled and cruahed. 
paring their Btrueture with that of folded niountaina, what do you 
■ aiS to their relief after thHr doformution ? To which surface were 



,t^ 



, Diagram of the Wall of the Colorado Canyon, Arizona, 
showing Un conform itieH 

rst worn down, mm' or nm 'I Describe and account for the sui^ 
n'. How does it differ from the surface of the crystalline rocka 
I the Torridonian Mountains (Fig. 206), and why? This sur- 
e of the oldest land surfacea of wliich any vestige n 





o. 208. View of (he North Wall of the Grand Canyon of the Colorado 
liver, Arizona, showing the Uiiconformilies illustrated in Figure 207 

8 a bit of foBsil geography buried from view since the earliest geo- 
cal ages and recently bmuglit to light by the erosion of the canyon. 
Bow did the surface mm' come to receive its cover of sandstones hi 
im the thickness and coarseness of these sediments draw iiifereucea 
U> the land maas trom which they were derived. "Wea \V to\q% 
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or subsiding? high or low? Were its streams slow or swift? Was the 
amount of erosion small or great? 

Note the strong dip of these sandstones b. Was the surface mm' 
tilted as now wlien the sandstones were deposited upon it ? When was 
it tilted ? Draw a diagram showing the attitude of the rocks after this 
tilting occurred, and their height relative to sea level. 

Tlie surface nw' is remarkably even, although diversified by some low 
hills which rise into the bedded rocks of c, and it may be traced for 
long distances up and down the canyon. Were the layers of b and the 
surface 7«7/i' always thus cut short by nn^ as now ? What has made the 
surface nn' so even ? How does it come to cross the hard crystalline 
rocks a and the weaker sandstones b at the same impartial level? 
How did the sedinuMits of c come to be laid upon it? Give now the 
entire history recorded in the section, an<l in addition that involved in 
the production of the platform P, shown in Figure 130, and that of the 
cutting of the canyon. How does the time involved in the cutting 
of the canyon compare with that required for the production of the 
surfaces mm% nn% and P? 




Fui. 200. Unconformity between the Cambrian and Pre-Cambrian Rocks, 

Wisconsin 

a, pre-Canibrian rocks, igneous and metamorphic, greatly deformed; a', zone 
of (lecompoHo*! pre-('ainl)riaii rocks and residual clays on which rest the 
('am])rian sandstones b. What unconformity do you find here? What two 
peneplains do you discover? Which is the older? Which was the more com- 
plete? To what stajje has the present erosion cycle advanced? Suggest a 
reason why the valleys in the Cambrian are wider than those in the pre- 
Cambrian. When did the decay of the pre-Cambrian rocks of zone a' take 
place, and under what circumstances? Give the entire history recorded in 
this section, stating the successive cycles of erosion in their order and the 
causes which brought each cycle to a close 
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CHAPTEE X 

EARTHQUAKES 

Any sudden movement of the rocks of the crust, as when 
they tear apart when a fissure is formed or extended, or sUp 
from time to time along a growuig fault, produces a jar called 
an earthquake, which spreads in all directions from the place 
of disturbance. 

The Charleston earthquake. On the evening of August 31, 1886, the 
city of Charleston, S. C, was shaken by one of the greatest earthquakes 
which has occurred in the United States. A slight tremor which 
rattled the windows was followed a few seconds later by a roar, as of 
subterranean thunder, as the main shock passed beneath the city. 
Houses swayed to and fro, and their heaving floors overturned furniture 
and threw persons off their feet as, dizzy and nauseated, they rushed 
to the doors for safety. In sixty seconds a number of houses were com- 
pletely wrecked, fourteen thousand chimneys were toppled over, and in 
all the city scarcely a building was left without serious injury. In the 
vicinity of Charleston railways were twisted and trains derailed. Fis- 
sures opened in the loose superficial deposits, and in places spouted 
water mingled with sand from shallow underlying aquifers. 

The point of origin, or foctis, of the earthquake was inferred from 
subsequent investigations to be a rent in the rocks about twelve miles 
beneath the surface. From the center of greatest disturbance, which 
lay above the focus, a few miles northwest of the city, the surface 
shock traveled outward in every direction, with decreasing effects, at the 
rate of nearly two hundred miles per minute. It was felt from Boston 
to Cuba, and from eastern Iowa to the Bermudas, over a circular area 
whose diameter was a thousand miles. 

An earthquake is transmitted from the focus through the 
elastic rocks of the crust, as a wave, or series of waves, of com- 
pression and rarefaction, much as a sound >wa\^ \a \,\^\NS»\tt>5vXfc<^ 

233 
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through the elastic medium of the air. Each earth particle 
vibrates with exceeding swiftness, but over a very short path. 
The swing of a particle in firm rock seldom exceeds one tenth 
of an inch in ordinary earthquakes, and when it reaches one 
half an inch and an inch, the movement becomes dangerous 
and destructive. 

The velocity of earthquake waves, like that of all elastic 
waves, varies with the temperature and elasticity of the medium. 
In the deep, hot, elastic rocks they speed faster than in the 




Fici. 210. Block of the Earth's Crust shaken by an Earthquake 

X, focus; a, b, c,(1, successive spheroidal waves in the crust; a', h\ c', d\ succes- 
sive surface waves produced by the outcropping of a, 6, c, and d 



cold and broken rucks near the surface. The deeper the point 
of origin and the more violent the initial shock, the faster and 
farther do the vibrations run. 

Great earthquakes, caused by some sudden displacement or 
some violent rending of the rocks, shake the entire planet. 
Tlieir waves run through the body of the earth at the rate of 
about three hundred and fifty miles a minute, and more slowly 
round its circumference, registering their arrival at opposite 
sides of the globe on the exceedingly delicate instruments of 
modern earthquake observatories. 

Geological effects. Even great earthquakes seldom produce 
geological effects of much importance. Landslides may be 
shaken down from the sides of mountains and hills, and 
cracks may be opened in the surface deposits of plains ; but 
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the transient shiver, which may overturn cities and destroy 
thousands of human lives, runs through the crust and leaves 
it much the same as before. 

Earthquakes attending great displacements. Great earth- 
quakes frequently attend the displacement of large masses of 
the rocks of the crust. In 1822 the coast of Chile was sud- 
denly raised three or four feet, and the rise was five or six feet 
a mile inland. In 1835 the same region was again upheaved 
from two to ten feet. In each instance a destructive earthquake 
was felt for one thousand miles along the coast. 

The great California earthquake of 1906. A sudden dislocation occurred 
in 1906 along an ancient fault plane which extends for 300 miles through 
western California. The vertical displacement did not exceed four 
feet, while the horizontal shifting reached a maximum of twenty feet. 
Fences, rows of trees, and roads which crossed the fault were broken 
and offset. The latitude and longitude of all points over thousands of 
square miles were changed. On each side of the fault the earth blocks 
moved in opposite directions, the block on the east moving southward and 
that on the west moving northward and to twice the distance. East and 
west of the fault the movements lessened with increasing distance from it. 

This sudden slip set up an earthquake lasting sixty -five seconds, 
followed by minor shocks recurring for many days. In places the jar 
shook down the waste on steep hillsides, snapped off or uprooted trees, 
and rocked houses from their foundations or threw down their walls or 
chimneys. The water mains of San Francisco were broken, and the 
city was thus left defenseless against a conflagration which destroyed 
$500,000,000 worth of property. The destructive effects varied with 
the nature of the ground. Buildings on firm rock suffered least, while 
those on deep alluvium were severely shaken by the undulations, like 
water waves, into which the loose material was thrown. Well-braced 
steel structures, even of the largest size, were earthquake proof, and 
buildings of other materials, when honestly built and intelligently 
designed to withstand earthquake shocks, usually suffered little injury. 
The length of the intervals between severe earthquakes in western 
California shows that a great dislocation so relieves the stresses of the 
adjacent earth blocks that scores of years may elapse before the stresses 
again accumidate and cause another dislocation. 
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Perhaps the most violent earthquake which ever visited the United 
States attended tlie depression, in 1812, of a region seventy-five miles 
long and thirty miles wide, near New Madrid, Mo. Much of the area 
was converted into swamps and some into shallow lakes, while a region 
twenty miles in diameter was bulged up athwart the channel of the 
Mississippi. Slight quakes are still felt in this region from time to 
time, showing that the strains to which the dislocation was due have 
not yet been fully relieved. 

Earthquakes originating beneath the sea. Many earthquakes 
originate beneath the sea, and in a number of examples they 
seem to have been accompanied, as soundings indicate, by local 
subsidences of the ocean bottom. There have been instances 
where the displacement has been sufficient to set the entire 
Pacific Ocean pulsating for many hours. In mid ocean the wave 
thus produced has a height of only a few feet, while it may be 
two hundred miles m width. On shores near the point of ori- 
gin destructive waves two or three score feet in height roll in, 
and on coasts tliousands of miles distant the expiring undula- 
tions may be still able to record themselves on tidal gauges. 

Distribution of earthquakes. Every half hour some consid- 
erable area of the earth's surface is sensibly shaken by an earth- 
quake, but earthquakes are by no means uniformly distributed 
over the globe. As we might infer from what we know as to 
their causes, earthquakes are most frequent in regions now 
undergoing deformation. Such are young rising mountain ranges, 
fault lines where readjustments recur from time to time, and 
the slopes of suboceanic depressions wliose steepness suggests 
that subsidence may there be in progress. 

Earthquakes, often of extreme severity, frequently visit the lofty and 
young ranges of the Andes, wliile tliey are little known in the subdued 
old mountains of Brazil. The Highlands of Scotland are crossed by a 
deep and singularly straight depression called the Great Glen, which 
has been excavated along a very ancient line of dislocation. The earth- 
quakes which occur from time to time in this region, such as the Inver- 
ness earthquake in 1891, are referred to slight slips along this fault plane. 
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In Japan, earthquakes are very frequent. More than a thousand 
ire recorded every year, and twenty-nine world-shaking earthquakes 
>ccurred in the three years ending with 1901. They originate, for the 
nost part, well down on the eastern flank of the earth fold whose sum- 
nit is the mountainous crest of the islands, and which plunges steeply 
beneath the sea to the abyss of the Tuscarora Deep. 

Minor causes of earthquakes. Since any concussion with- 
n the crust sets up an earth jar, there are several minor causes 
3f earthquakes, such as volcanic explosions and even the col- 
apse of the roofs of caves. The earthquakes which attend the 
eruption of volcanoes are local, even in the case of the most 
violent volcanic paroxysms known. When the top of a volcano 
las been blown to fragments, the accompanying earth shock has 
sometimes not been felt more than twenty-five miles away. 

Depth of focus. The focus of the Charleston earthquake, 
estimated at about twelve miles below the surface, was excep- 
tionally deep. Volcanic earthquakes are particularly shallow, 
ind probably no earthquakes known have started at a greater 
depth than fifteen or twenty miles. This distance is so slight 
3ompared with the earth's radius that we may say that earth- 
quakes are but skin-deep. 

Should you expect the velocity of an earthquake to be greater in a 
peneplain or in a river delta ? 

After an earthquake, piles on which buildings rested were found 
iriven into the ground, and chimneys crushed at base. From what 
iirection did the shock come ? 

Chimneys standing on the south walls of houses toppled over on the 
roof. Should you infer that the shock in this case came from the north 
3r south ? 

How should you expect a shock from the east to affect pictures hang- 
ng on the east and the west walls of a room ? how the pictures hanging 
)n the north and the south walls ? 

In parts of the country, as in southwestern Wisconsin, slender 
iirosion pillars, or "monuments," are common. What inference could 
you draw as to the occurrence in such regions of severe earthquakes in 
the recent past? 
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CHAPTER XI 
YOLCANOSS 

Connected with movements of the earth's crust which take 
plac« so slowly that they can be inferred only from their effects 
is one of the most rapid and impressive of all geological processes, 
— the extrusion of molten rock from beneath the surface of the 
earth, giving rise to all the various phenomena of volcanoes. 

In a volcano, molten rock from a region deep below, which 
we may call its reservoir, ascends through a pipe or fissure to 
the surface. The materials erupted may be spread over vast 
areas, or, as is commonly the case, may accumulate about the 
opening, forming a conical pile known as the volcanic cone. It 
is to this cone that popular usage refers the word volcano ; but 
the cone is simply a conspicuous part of the volcanic mechanism 
whose still more important parts, the reservoir and the pipe, are 
hidden from view. 

Volcanic eruptions are of two types, — effusive eruptions, 
in which molten rock wells up from below and flows forth in 
streams of lava (a comprehensive term applied to all kinds of 
rock emittealf?5m volcanoes in a molten state), and eayplosm . 
eruptions, in which the rock is blown out in fragments great 
and small by the expansive force of steam. 

Eruptions of the Effusive Type 

The Hawaiian volcanoes. The Hawaiian Islands are all vol- 
canic in origin, and have a linear arrangement characteristic of 
many volcanic groups in all parts of the world. They are strung 
along Si northwest-southeast line, their volcanoes standiDg in 
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wo parallel rows as if reared aluiig two adjacent lines of frao- 
"Ore or folding. In the northwesteru islands tlie volcanoes 
taave long been extinct and are worn low by erosion. In the 
Southeastern island, 
Hawaii, three volca- 
noes are still active and 
in process of b uilding 
Cf these Mauna Loa, 
the monarch of vol- 
canoes, with a girth of 
two hundred miles and 
a height of nearly four- 
teen thousand feet above 
sea level, is a lava dome 
tile slope of whose sides does not average more than five 
degrees. On the summit ia an elliptical basin ten miles in cir- 
cumference and several hundred feet deep. Concentric cracks 
surround the rim, and from time to time the basin ia enlarged 
iis great slices are detached from the vertical walls aii<l engulfed. 




< 




212. C'aldera of Kilauea 



Such a volcanic basin, formed by the inainking of the top of 
the cone, is called a c aldera. 

Od the flanks of Mauna Loa, four thousanrl feet above xfa level, lies 
l^hs caldsTft of Kilauea, an indepenrle[it volcano wliOMi dome haN been 
loiued to the larger luountsin by tlit; gradual gtowttv ut \Av» \,'wti, \i^ 
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^^m each caldera the floor, which to the eye is a plain ol black laTa, it '1* 

^^m congealed surface of a columu of molten rock. Attimea of aiierupto 

^^m lakea of boiling lava aypear which may be compared to Mr holwinS 

^H frozen river. Great waves surge up, hfting tons of the fiery Uqiiid i 

^^1 score of feet in air, to fall back with a mighty plunge and roar, and 

^^m occaHionally the lava rises sevural hiinilred feet in fountains nf daBling 

^^B brightnt'Ha. Tlie lavn lakus may Unod the floor of tlie baali 




folidwiiig an Jivuption 



historic times have never been known to fill it and overflow the ria 
Instead, the heavy column of lava breaks way through the sides of th 
mountain and discharges in sti'eama which flow down the nioiintu* 
slopes for a, distance sometimes of as much as tbirty-flve milas, Wii^ 
the drawing off of the lava the column in the duct of the voImM 
lowers, and the floor of the caldera wholly or in part subsides. A blici 
and steaming abyss marks the place of the lava lakes (Fig. 213). AfMr 
a time the lava rises in the duct, the floor is floated higher, and the boil- 
ing lakes reappear. 
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The eruptions of the Hawaiian volcanoes are thus of the 
effusive type. The column of lava rises, breaks through the 
side of the raouutaiu, and discharges in lava streams. There 
ire no explosions, and usually no earthquakes, or very slight 
ones, accompany the eruptions. The lava in the calderas boils 
because of escaping steam, but the vapor emitted is compara- 
tively Httle, and seldom hangs above the summits in heavy 
;:louds. We see here iii its simplest form the most impressive 
md important fact in all volcanic action, — molten rock has been 
driven upward to the surface from some deep-lying soui'ce. 

Lava flows. As lava issues from the side of a volcano or 
ovOTflows from the summit, it tiuvvs away in a glowing stream 




I 



Fio. 214. Paiioehot) Lava, Hawaii 
resembling molten iron drawn whit«-hot from an iron furnace. 
The surface of the stream soon cools and blaukeus, and the 
hard crust of nonconducting rock may grow thick and firm 
enough to form a tunnel, witliin which the fluid lava may flow 
far before it loses its lieat to any marked degree. Such tun- 
nels may at last be left as caves by the draining away of the 
lava, and are sometimes several miles m lengtli. 

Pahoehoe and aa. VVIien the crust of highly fluid lava remains 
unbniken after its first freezing, it presents a. xniooth, hummocky, and 
ropyanrface known hy the Hawaiian term pahoehae {^'v^. IW^j. Oa "Oofc 
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other liand, the criist of o, viscid flow may bo broken and spliutered aa it 
is draggled along 1jy tlie slowly moTing maaa beneath. The Gtreain tben 
appeaTB as a field of stotiPS clanking and grinding on, with here and 
e front some chink a dull red glow or a wisp of stearn. ]t sets to a 
Bnrfftce called aa, nf broken, sharp-edged blocks, which is often both 
difficult and dangerous to traverse (Fig. 315). 
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fluid rock which poured from it is the largest of hiBtorio record, reach- 
ing a distance of forty-seven niilea and covering Iwo hundred and 
twenty square mill's to iiii average depth of a liundred feet. At the 
present time the fissure ia traced hy a lint- of several liundred inaignifi- 
aat mounds of f rag- 



the lava issued 
(Fig. 210). 

The distance to 
wliicii the fissure 
eniptiona of Iceland 
flow on slopes ex- 
iremely gentle Is 
noteworthy. One 
suchstreain 18 ninety 
miles in length, and 
iiiiother seventy 
miles long has a 
elope of little more 
than one half a de- 
gree. 

Where lava is 

emitted at one point and flows to a less distance there is gradually huilt 
up a dome of the shape of an inverted saucer with an immense base hut 
comparatively low. Miiny turn ilonies have been discovered in Iceland, 
akhough froi l le slopes, often but two or three 

degrees, they long escaped the 
"I notice of explorers. 

The entire plateau of Ice- 
land, a region as large as Ohio, 
is composed of volcanic prod- 
ucts, — for the moat part of 
successive sheets of lava whose 
total thickneas falls little short 
i/.lavaflows; d, dikes ^^ ^^^ ^^5,^^^ The lava sheets 

exposed to view were outpoured in open air and not beneath the sea; 
for peat bogs and old forest grounds are interbedded with them, and 
^^^^il planta of these vegetable deposits pro-ve fiiat ftvo ■g'w-'W'o-'^^"'** 
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long been building and is very ancient. On the steep sea cliffs of the 
bland, where its structure is exhibited, the sheets of lava are seen to be 
cut with many dikesj — fissures which have been filled by molten rock,— 
and there is little doubt that it was through these fissures that the 
lava outwelled in successive flows which spread far and wide over the 
country and gradually reared the enormous pile of the plateau. 

Eruptions of the Explosive Type 

In the majority of volcanoes the lava which rises in the pipe 
is at least in part blown into fragments with violent explosions 
and shot into the air together with vast quantities of water 
vapor and various gases. The finer particles into which the 
lava is exploded are called umlca'p.io. d tL&t (\v ii olcanic ashes , and 
are often carried long distances by the wind before they settle 
to the earth. The coarser fragments fall about the vent and 
there accumulate in a steep, conical, volcanic mountain. As suc- 
cessive explosions keep open the throat of the pipe, there remains 
on the summit a cup-shaped depression called the crater. 

Stromboli. To study the nature of these explosions we may visit 
Stromboli, a low volcano built chiefly of fragmental materials, which 
rises from the sea off the north coast of Sicily and is in constant 
though moderate action. 

Over the summit hangs a cloud of vapor which strikingly resembles 
the column of smoke puffed from the smokestack of a locomotive, in 
that it consists of globular masses, each the product of a distinct 
explosion. At night the cloud of vai)or is lighted with a red glow at 
intervals of a few minutes, like the glow on the trail of smoke behind 
the locomotive wlien from time to time the fire box is opened. Because 
of this intermittent light flashing thousands of feet above the sea, 
Stromboli has been given the name of the Lighthouse of the Mediter- 
ranean. 

Looking down into the crater of the volcano, one sees a viscid lava 
slowly seething. The agitation gradually increases. A great bubble 
forms. It bursts with an explosion which causes the walls of the 
crater to quiver with a miniature earthquake, and an outrush of steam 
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carries the fragments of the hubhle aloft for a thousand feet to fall 
into the crater or on the mountain side about it. With the explosion 
the cooled and darkened crust of the lava is removed, and the light 
of the incandescent liquid beneath is reflected from the cloud of vapor 
which overhangs the cone. 

At Stromboli we learn the lesson that the explosive force in 
volcanoes is that of steam. The lava in the pipe is permeated 
with it much as is a thick boiling porridge. The steam in boil- 
ing porridge is imable to escape freely and gathers into bubbles 
which in breaking spurt out drops of the pasty substance; in 
the same way the explosion of great bubbles of steam in the 
viscid lava shoots clots and fragments of it into the air. 

Krakatoa. The most violent eruption of history, that of Krakatoa, a 
small volcanic island in the strait between Sumatra and Java, occurred 
in the last week of August, 1883. Continuous explosions shot a col- 
umn of steam and ashes seventeen miles in air. A black cloud, beneath 
which was midnight darkness and from which fell a rain of ashes 
and stones, overspread the surrounding region to a distance of one 
hundred and fifty miles. Launched on the currents of the upper air, 
the dust was swiftly carried westward to long distances. Three days 
after the eruption it fell on the deck of a ship sixteen hundred miles 
away, and in thirteen days the finest impalpable powder from the vol- 
cano had floated round the globe. For many months the dust hung over 
Europe and America as a faint lofty haze illuminated at sunrise and 
sunset with brilliant crimson. In countries nearer the eruption, as in 
India and Africa, the haze for some time was so thick that it colored 
sun and moon with blue, green, and copper-red tints and encircled 
them with coronas. 

At a distance of even a thousand miles the detonations of the 
eruption sounded like the booming of heavy guns a few miles away. 
In one direction they were audible for a distance as great as that from 
San Francisco to Cleveland. The entire atmosphere was thrown into 
undulations under which all barometers rose and fell as the air waves 
thrice encircled the earth. The shock of the explosions raised sea 
waves which swept round the adjacent shores at a height of more than 
fifty feet, and which were perceptible halfway around the ^lob^. 
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At the close of the eruption it waa found thtit half C)ie mountain bad 
been blown awaj and that where the centraL jiart of llie island had 
been the aea wit a thounand feet deep. 

Martinique and St. Vincent. In ISOS two dormant volcanoes of the 
West I i es Ml Pel^e in Martiuiiiue and Soiifrifere in St Vincent, | 
broke to ernpton simultaneously. No lava was emitted, but there ' 
were blown t Ihe air great quantities of ashes, which mantled tlii! 




the Distance 



adjacent parta of the islanda with a pall as of gray snow. In early stages 
of the eruption lakes which occupied old craters were discharged sod 
swept down the ash-eovered mountain valleys in torrents of boiling mud. 
On several occasions there was shot from the crater of each volcano 
a thick and heavy cloud of incandescent ashes and steam, whicli rushed 
down the mountain side like an avalanche, red with glowing stones and 
scintillating with lightning flashes. Forests and buildings in its patb 
were leveled as by a tornado, wood was charred and set on flre by ths 
incaudeaceat fragments, all vegetation was destroyed, and to breathe the 
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steam and hot, suffocating duat of the cloud wan death to every living 
On the morning of the 8th of May, 191)2, the first of these 
iliar avalanclies from Mt. i'el6e fell on tlie eity of St. Pierre and 
intly destroyed the hves of its tliirly thousani! inliahitaiits. 
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Fto. 211>. An Eruption of Ve 



Tbe huge ixilnum of ijnst nnr! Btenin rims tn a height of about four miles 
above the sea. Drifting down the wtiid, the vapor condenses into copious 
raiiiB. Snch often prodnce destrnctjve torrents ot mud as they sweep down 
the aBh-tovered mountain aide, and dnrinj; the hiBtoriu eruption of Vesn- 
vins in a.d. 79 the I'ity of Herculaneiini waa thns linried. I Jivn liowa are 
marked by the overhanging clouds of aqutsons vapor coniienaed from tbe 
Bteam which the molten rock gives off. 



The eruptions of many volcanoes partake of both the effusive 
and tlie explosive types : the molten rook in the ^v'^ va Ssi ^kl*. 
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blown into the air with explosions of steam, and in part is dis- 
charged in streams of lava over the lip of the crater and from 
fissures in the sides of the cone. Such are the eruptions of 
Vesuvius, one of wliich is illustrated in Figure 219. 

Submarine eruptions. The many volcanic islands of the oceaD 
and the coral islands resting on submerged volcanic peaks prove 
that eruptions have often taken place upon the ocean floor and 
have there built up enormous piles of volcanic fragments and 
lava. The Hawaiian volcanoes rise from a depth of eighteen thou- 
sand feet of water and lift their heads to about thirty thousand 
feet above the ocean bed. Christmas Island (see p. 194), built 
wholly beneath the ocean, is a coral-capped volcanic peak, whose 
total height, as measured from the bottom of the sea, is more 
than fifteen thousand feet. Deep-sea soundings have revealed 
the presence of numerous peaks which fail to reach sea level 
and which no doubt are submarine volcanoes. A number of vol- 
canoes on the land were submarine in their early stages, as, for 
example, the vast pile of Etna, the celebrated Sicilian volcano, 
which rests on stratified volcanic fragments containing marine 
shells now uplifted from the sea. 

Submarine outflows of lava and deposits of volcanic frag- 
ments become covered with sediments during the long intervals 
between eruptions. Such volcanic deposits are said to be coit 
tempo ranco lis, because they are formed during the same period j 
as the strata among which they are imbedded. Contempora- 
neous lava sheets may be expected to bake the surface of the 
stratum on which they rest, while the sediments deposited w]m 
them are unaltered by their heat. They are among the most | 
permanent records of volcanic action, far outlasting the greatest . 
volcanic mountains built in open air. 

From upraised submarine volcanoes, such as Christmf^g Jglam^^ 
it is learned that lava flows which are p oured out upoi; the 



bottom of the sea do not differ materially e ither in composition 
or texture from those of the land. 
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Volcanic Products 

Vast amounts of steam are, as we have seen, emitted from vol- 
canoes, and comparatively small quantities of other vapors, such 
as various acid and axilpliurous gases. The rocks erupted from 
volcanoes differ widely in chemical composition and in texture. 

Acidic and basic lavas. Two classes of volcanic rocks may 
be distinguished, — those containing a large pro}>ortion of silica^ 




(silicic acid, SiO^) and therefore called acidic, and those contain- 
ing less silica and a larger proportion of the bases (hme, magnesia, 
s oda, etc.) and therefore called iasic. The acidic lavas, of which 
ifhyolUe, and ^chyt^ are examples, are comparatively light in 
coET^nd weigK, and are difficult to melt. The basic lavas, of 
which ^mtt is a type, are dark and heavy and melt at a lower 
tamperature. 
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Scoria and pumice. The texture of volcanic rocks 
part on the ilegiee to whiiih tliey were distentled by the steam 
which permeated theui when in a molten state. They liardeD 
into compact rock where the steam cannot expand. Where the 
steam is released from pressure, as on the surface of a lava 
stream, it forms bubbles (steam blebs) of various sizes, which 
give the hardened rock a cellular structure (Fig, 220). In this 




Fii:. '2;il. AiDjf;ilule8 in Lavn 
way are formed the rough slags and eluikera called scoria, whifli 
are found on the surface of flows and whieh are also throwii 
out as clots of lava in explosive eruptions. 

On the surface of the seething lava in the tliroat of the vol- 
cano there gathers a rock fdani, wlueh, when hurled inUi the 
air, is cooled and fuUs Bs -yamiec, -^ a spongy gray rock so light 
that it floats on water. ""' 

Amygdules. Tlie sfeam bleba of lava flows are often drawD 
out from a sjjherical U) an elliptical form resembling that of an 
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almond, and after the rock iias eoulai these cavities are grad- 
ually tilled with miiierala deposited fnmi solution by under- 
ground water. From their shape such I'asts aiv called amygdulea 
(Greek, amygdalon, 
an almond). Amyg- 
dules are com- 
monly composed of 
"ailit^ -- I^vas con- 
tain both silica and 
the alkahea, potush 
and soda, and after 
dissolving the alka- 
lies percolating 
water la able to take *"' ^ ^ ''^^'' ' ^*^^" " '* " ^y"* 

ihca also into solution Most agalce, aie banded am^gdules m 
which the sdica has been laid m varicolored concentric lasers 
(Fig 222) 

Glassy and 8to ny_,layas ^ olcann. rocks differ ui texture 
iLCordmg also to the t it£ at \\liich thej ]ia\e 'folidihed. Wlien 

1 iTiidly cooled, an on the sur f»<'-p- "f — 
,fl \\\\i\ fl""'i ""iltpn nn.k chdls to a 
glaas, heciuse the mmerals of which 
npipoiipH liHvp not ha d time to 





ii iiate thp maplY^R f""" '■'"' f^°"i 

Tiiixture and form crystals. U nder 

sIjw Loolnig aa in the mterior of 

tilt flow it becomes a stony mass 

Lomposed of Li\stals set m a glassj 

paste In thm shces of volcamc 

Fio 22a MicroBectioii Hh(w „|j^gg Qj,e ma> see under the micro- 

'STJSTZ^'LT .-Pe 'h' l.eBm..,„k» ot crjstal 

growth in filaments and needles 

and feathery forms, wliich are the rudiments of the crystals of 

minerals. 
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Sphenilitei, v. hich also mark the first changes of f,la83y lavaa toward 
etony rniidition nre bttle baUa within the rock varying from micro- 
scopic size to serera,! inchea in dianietei, 
mid made up of radiating fibers. 

Fcrhtic structure, common among 
(,ldBsy la\aa consists of microscope 
Lumnj, and interlacing cracks, due to 

^ Flow lines aii. txliibited by vol- 

Tn^th to the naked eye 

li _ 4 liiliru stLuriinii hilI Tindtr the mii-roscope. St«am 

and Spheruhiea n a ]Aehs, tq^ether With Crystals aud 

their embryoiiic furnis, are left arrai^ed m hues and streaks 

by the curients of tlie flowing lavi as it utifleued into rock. 

Porphyritic structure Ew,k3 whose grouud maas has scat - 
tered thiou^h it l ai-ge i,oiispipuoiib iMstjtia (ti^. 226) are saiJ 



and it is especially 
among volcanic 
rocks that this 
Btmcture occurs. 
The ground mass of 
porphyries either 
may be glassy or 
may consist in part 
of a felt of minute 




case it represents 

the consolidation of 

the rock aft«r its 

outpouring upon 

the surface. On the 

other hand, the large ciystala of porphyry have slowly formed 

deep below the grouud at an earlier date. 



. Flow Lines in Lava 
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Columnar structure. Just aa wet starch contracts on drying 
to prismatic fomia, so lava often eontraeta on eooliug to a m 
of close-set, piisiualic, and commonly six-sided columns, which 
stand at right angles to the coolhig surface. The upper portion 
of a flow, on rapid uooluig from the surface exposed to the air, 




Flo. ■^■M. Vui-iAiyi'ak. Sl.ra 



may contract to a confused mass of small and irregular prisma ; 
wliile the remainder forms large and beautifully regidar col- 
umns, which have grown upward by slow cooliug from beneath 
(Fig. 227). 

FltAGMKNTAL MaTEKTALS 

Rocks weighing many tons are often thrown from a volcano 
at the beginning of an outburst by the breaking up of tlie solid- 
ified floor of the crater ; aud during the progress of an eruption 
large blocks may be torn from the throat of the volcano by the 
ovitrush of steam. But tlie most important fragmental materials 
are those derived from the lava itself. As lava rises in the pipe, 
the steam which permeates it is released iiOTa. ■^■wssm.t^ ■asA 
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explodes, hurling the lava into the air in fragments of all sizes, 
— large pieces of sco ria, lapilli ( fragments the size of a pea or 
walnut), volcanic " sand/* and volcanic " ashes." The latter resem- 
ble in appearance the ashes of wood or coal, but they are not in 
iny sense, like them, a residue after combustion. 

Volcanic ashes are produced in several ways : lava rising in 
he volcanic duct is exploded into fine dust by the steam which 
Permeates it; glassy lava, hurled into the air and cooled sud- 
lenly, is brought into a state of high strain and tension, and, 
ike Prince Supert's drops, flies to pieces at the least provocation, 
rhe dash of rising and falling projectiles also produces some 
lust, a fair sample of which may be made by gi*atiiig together 
wo pieces of pumice. 

Beds of volcanic ash occur widely among recent deposits in the 
western United States. In Nebraska ash beds are found in twenty 
ounties, and are often as white as powdered pumice. The beds grow 
bicker and coarser toward the southwestern part of the state, where 
heir thickness sometimes reaches fifty feet. In what direction would 
ou look for the now extinct volcano whose explosive eruptions are thus 
ecorded ? 

Tuff. This is a conveni ent term de signating anjr^ock com- 
osed of voTcamc fragpien ts. Coarse tuffs of angular fragments 
r e called volcanic breccia, and when the fragments have been 
5unaed and sorted by water the rock is term^dji volcanic con- 
lo7n erate. E ven when deposited in the open air, as on the slopes 
rTi volcano, tuffs may be rudely bedded and their fragments 
lore or less rounded, and unless marine shells or the remains 
f land plants and animals are found as fossils in them, there is 
ften considerable difficulty in telling whether they were laid 
1 water or in air. In either case they soon become consolidated. 
'hemical deposits from percolating waters fill the interstices, 
nd the bed of loose fragments is cemented to hard rock. 

The materials of which tutfs are composed are easily recog- 
lized as volcanic in theii' origin. The iragmeii^*^ ^x^ txiq.x'^ ort 
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less cellular, according to the degree to which they were dis- 
tended with steam when in a molten state, and even in the tinest 
dust one may see the glass or the crystals of lava from which it 
was derived. Tuffs often r^mtain volr.anir. hnmhit^ — balls of lava 
which took shape while whirling in the air, and solidified before 
falling to the ground. 

Ancient volcanic rocks. It is in these materials and struc- 
tures which we have tlescribed that volcanoes leave some of 

their most enduring 

I records. Even the vol- 

^L J «inic rocks of the earli- 

^Bi ^^^H (.'St geolc^cal ages, up- 

^ll^ ^^^^H lifted long burial 

^^HMIh^^^^^^^^^^^^I li<?neath the sea and ex- 
^^I^^H^^^^^^^^^^^^H ]iosed by 

^^^^^■^I^^^^^^^^^^^^^B erosion, are recogniz^ 
^^^^^^^^^^^^^^^^^^^^^H and history re&d 

^^H^^^^^^^^^^^^^^^^^^Hl despite the many chai^ 

Pig. 228. Volcanic Bombs, Ciiiilur Cue, which they may have 
California undergone. A sheet of 

ancient lava may be distinguished by its composition from the 
sediments among which it is imbedded. The direction of iw 
flow lines may be noted. The cellular and slaggy surface where 
the pasty lava was distended by escaping steam is recognized 
by the amygdules which now fill the ancient steam blebs. Id 
a pile of successive sheets of lava each flow may be distinguiahed 
and its thickness measured ; for the surface of each sheet is 
glassy and scoriaceous, wliile beneath its upper portions tlie 
lava of each flow is more dense and stony. The length of time 
whicli elapsed before a sheet was buried beneath the materials 
of succeeding eruptions may be told by the amount of weather- 
ijig which it had undergone, the depth of ancient soil — noff 
baked to solid rock — upon it, and the erosion which it bad 
suffered in the intervaL 
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If the flow occurred from some submarine volcano, we may 
recognize the fact by the sea-laid sediments wliich cover it, fill- 
ing the cracks and crevices of its upper sin-face and containing 
pieces of lava washed from it in tlieir basal layers. 

Loi^-buried glassy lavas devitrify, or pass to a stony condi- 
tion, imder the unceasing action of underground waters ; but 
their flow lines and perlitie and spherulitic structures remain 
to tell of their original 
state. 

Ancient tuffs are 
known by the frag- 
mental character of 
their volcanic material, 
even though they liave 
been altered to firm rock. 
Some remains of laud 
animals and plants may 
be found iml>edded to 
tell that the beds were \i 
marine oi^anisras would prove 
deposited in the sea. 

In these ways ancient volcanoes have been recognized near 
Boston, in southeastern Pennsylvania, about Lake Superior, and 
in other regions of tlie United States. 




ill open air ; while the remains of 
surely that the tuffs were 
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I Volcano 



The invasion of a region by volcanic forces is attended by 
movements of the crust heralded by earthquakes. A fissure or 
a pipe is opened and the building of the cone or the spreading 
of wide lava sheets is begun. 

Volcanic cones. Tlie shape of a volcanic cone depends chiefly 
on the materials erupted. Cones made of fragments may have 
sides as steep as the angle of repose, which in the case oi ttQa.\?a. 
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scoria is sometimes as high as thirty or foi'ty degrees. About 
the base of the momitaiu the finer materials erupted are Bpreail 
in more gentle slopes, and are also washed forwai'd by raina and 
Btreama. The normal profile is thus a symmetric coue with a 
flaring base. 

Cones built of lava vary in form according tu the liquidity 
of the lava. Domes of gentle slope, as those of Hawaii, fur 




i, aTnwhytc Do 



example, are formed of basalt, which flows to long distances 
before it congeals. >Vhen superheated and emitted from many 
vents, this easily melted lava builds great plateaus, such as that 
of Iceland. On the other hand, lavas less fusible, or poured out 
at a lower temperature, stiffen when they have flowed but a 
short distance, and accumulate in a steep coue. Trachyte has 
been extruded in a state so viscid that it has formed steep- 
sided domes like that of Sarcoui (Fig. 230). 
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Most volcanoes are built, like Vesuvius, both of lava flows and 
of tuffs, and sections show that the structure of the cone consists 
of outward-dipping, alternating layers of lava, scoria, and ashes. 

y 




Fig. 281. Section of Vesuvius 

r, Vesuvius; 5, Somma, a mountainous rampart half encircling Vesuvius, 
and like it built of outward-<Iipping sheets of tuff and lava ; a, crystalline 
rocks; 6, marine strata; c, tuffs containing seashells. Which is the older 
mountain, Vesuvius or Somma? Of what is Somnia a remnant ? Draw 
a diagram sho¥nng its original outline. Suggest what processes may 
have brought it to its present form. What record do you find of the 
earliest volcanic activity ? What do you infer as to the beginnings of 
the volcano ? 

From time to time the cone is rent by the violence of explo- 
sions and by the weight of the column of lava in the pipe. 
The fissures are filled with lava and some discharge on the 
sides of the mountain, building parasitic cones, while all form 
dikes, which strengthen 

w 



the pile with ribs of 
hard rock and make it 
more difficult to rend. 
. Great catastrophes 




Scaie of Miles. 
Fig. 232. Crater Lake, Oregon 



are recorded in the How wide and how deep is the basin which holds 

the lake ? The mountain walls which inclose 
it are made of outward-dipping sheets of lava. 
Draw a diagram restoring the volcano of which 
they are the remnant. No volcanic fragments 
of the same nature as the materials of which 
the volcano is built are found about the region. 
What theory of the destruction of the cone does 
this fact favor? TT, Wizard Island, is a cinder 
cone. When was it built ? 



shape of some volcanoes 
which consist of a circu- 
lar rim, perhaps miles 
in diameter, inclosing a 
vast crater or a caldera 
within which small 
cones may rise. We may infer that at some time the top of 
the moimtain has been blown off, or has collapsed and been 
enguKed because some reservoir beneath had been emptied by 
long-continued eruptions (Fig. 232). 



f 
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The eone-buililmg stage may be said to continue until enip- 
tions of lava and fragmental materials cease altogether. Sixmer 
or later the volcaiiiu forces shift or die away, and no further 
eruptions add to the pile or replace its losses by erosion duriug 
periods of repose. Gases however are still emitted, and, aa sul- 
phur vaiinrs are conspicuous among them, such vents are called 
KolfcliiniK. Jluuut Huiiil, in Oregon, is an example of a volcano ' 
sunk to tills stage. From 
a steaming rift ou its 
siile there rise sulphuv- 
(Kis fimies which, half 
a mile down the wiiiil, 
will tiU'uish a silver coin. 
Geysers and hot 
springs. The hot 
springs of volcsnic re- 
gions are among the 
iii.sL vestif^es of valcanii: 
liLMi. Periodically erup- 
livfi lioilmg springs are 
Lornied geysers. In each 
i.if tlie ge)-ser regions of 
tlicearth^tlie Yellow- 
stone National Park, 
Iceland, and New Zea- 
land — the ground water 
of the locality is sup- 
posed to be heated by ancient lavas that, because of the poor p 
conductivity of the rock, still remain hot beneath the surface. 




Old Failhfal, one of the many geysers of the Tellowatone NationaJ 
Park, plays a fountain of hoiling water a hundred feet in air; ffbilfi 
clouds of vapor from the escaphig atesm ascend to several times thai !■"?. 
height. The eruptions take place at intervals of from aeventy to ninelj 
jniiiutes. In repose the geyser is a quiet pool, occupying a onttorUkA 
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depreBsion in a conical mound some twelve feet high. The conduit of 
the spring is too irregular to be Bounded. The mouiid is composed of 
porouB silica deposited liy tlie waters of the geyser. 

Geysers erupt at iiitervals instead of coiitinuously boiling, 
because their long, narrow, and often tortuoua conduits do not 

i permit a free circulation of the water. After an eruption the 
tube is refilled and the water again gradually becomes heated. 




Deep in the tube where it is iu contact with hot lavas the 
water soouer or later reaches the boiling point, and bursting 
into steam shoots the water above it high in air. 

Carbonated springs. After all the other signs of life have 
gone, the ancient volcauo may emit carbon dioxide as its dying 
breath. The springs of the region may long be charged with 
carbon dioxide, or carbonated, and where they rise through 
limestone may be expected to deposit lai^ quantities of traver- 
tine. We shoidd remember, however, that many carbonated 
springs, aud many hot springs, are wholly iudeijendeut of 
Volcanoes. 
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The destruction of tlie coae. As soon as the volcanic cone 
cfiiLses til grow by I'rupticms the agents of erosion begin to wear 




:.235. Mount Shi 



it down, and the length of time that has elapsed sinee the period 
of active growth may be raughly measured by the degree to 
which the cone has been dissected. We infer that Mount Shasta, 




whose conical aliape is still preserved despite the gidlies one 
thousand feet deep which ti'ench its sides (Fig. 235), is younger 
tbmi Mount Hood, which erosive agencies have carved to * 
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pyramidal form (Fig. 236). The pile of materiala accumulated 
about a volcanic vent, no matte.r liow vast in bulk, is at last 
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Fio. 237. Crantiall Volcano 

swept entirely away. The cone of a volcano, active oi' extinct, 
is not old as the earth counts time. ; voh-aiioes are short^!i\e(i 
geological pheiiomeiia. 



Ciandall Volcano, This 
name is given to a dis- 
sected ancient Tolcano in 
the Yellowstone National 
Tark, ■wliioh once, it is 
estimated, reared its head 
thousands of feet ahove tlip 
surrounding country and 
greatly exceeded in bulk 
either Mount Shasta or 
Mount Etna. Not a line 
of the original mountain 
l^maina; all has been swept 
away by eroaion except 
Some foitt thousand feet of 
the base of the pile. This 
"asal wreck now apjiears 
"8 a. rugged region about 
thirty miles in diameter, 
trenched by deep valleys 
Sod cut into sharp peaks 
"■ad precipitous ridges. In 
the center of the area is found the nucleus (N, Fig. 237), — a mass of 
coarsely crystalline rock that congealed deep in the old volcanic pipe. 
F'roin it there radiate in all directions, likn the spokes of a wheel, long 
dike* whose rock grows rapidly finer of grain as it leaveattisVuivwCv.'j "A 




Kt(.. -laa. 



National I'iirk 
ift is seen a mass of volcanic breccia 
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the once heated core. The remainder of the base of the ancient moun- 
tain is made of rudely bedded tuffs and volcanic breccia, with occasional 
flows of lava, some of the fragments of the breccia measuring as much 
as twenty feet in diameter. On the sides of canyons the breccia is 
carved by rain erosion to fantastic pinnacles. At different levels in the 
midst of these beds of tuff and lava are many old forest grounds. The 
stumps and trunks of the trees, now turned to stone, still in many cases 
stand upright where once they grew on the slopes of the mountain as it 
was building (Fig. 238). The great size and age of some of these trees 
indicate the lapse of time between the eruption whose lavas or tuffs 
weathered to the soil on which they grew and the subsequent eruption 
which buried them beneath showers of stones and ashes. 

Near the edge of the area lies Death Gulch, in which carbon dioxide 
is given off in such quantities that in quiet weather it accumulates in a 
heavy layer along the ground and suffocates the animals which may 
enter it. 



CHAPTER XII 
UKDERGROUND STRUCTURES OF IGNEOUS ORIGIN 

It is because long-continued erosion lays bare the innermost 
latomy of an extinct volcano, and even sweeps away the 
itire pile with much of the underlying strata, thus leaving 
le very roots of the volcano open to view, that we are able to 
.udy underground volcanic structures. With these we include, 
►r convenience, intrusions of molten rock which have been 
riven upward into the crust, but which may not have suc- 
jeded in breaking way to the surface and establishing a vol- 
mo. All these structures are built of rock forced when in a 
aid or pasty state into some cavity wliich it has found or made, 
id we may classify them therefore, according to the shape of 
le molds in which the molten rock has congealed, as (1) dikes 
>^ vnlp^pjp. npp.Trg (3) in trusivc sheets, and (4) intrusi Ye masses. 

Dikes. The sheet ofonce molten rock with wliich a fissure 
is been filled is known as a dike. Dikes are formed when 
)lcanic cones are rent by explosions or by the weight of the 
va colunm in the duct, and on the dissection of the pile they 
)pear as radiating vertical ribs cutting across the layers of 
va and tuff of which the cone is built. In regions under- 
)ing deformation rocks lying deep below the ground are often 
'oken and the fissures are filled with molten rock from beneath, 
hich finds no outlet to the surface. Such dikes are common 
. areas of the most ancient rocks, which have been brought to 
^ht by long erosion. 

In exceptional cases dikes may reach the length of fifty or 
le hundred miles. They vary in width from a fraction of a 
>ot to even as much as three hundred feet. 

265 
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Dikes are coinmoiJy more fine of griiin on the siti«» than in the 
center, and may have h glassy ami crackled surface where they meet 
tlie inclosing rock. Can you account for tliia on any principle which 
t>ri have learue'! '? 



>■■ 



Volcanic Decks. Tlie pipe of a vtilcano risps fi'oni far lielow 
the base of the com', — -fruni the ilfcp reservoir from which its 




Fl.i. 240. A Dissected Voli 



« the luitlal pnillle 



KHObw 
9 are supphed. Wlieu the volcano has hecome extinet 
this great tube remains filled with hardened lava. It forms a 
cylindrical core of solid rock, except for some distance below 
the ancient crater, where it may coutaiu a mass of fragments 
which had fallen back into the chimney after being hurled into 
the air. 

As the mountain is worn down, this central column known 
as the volcanic neek is left standing as a conical hill (Fig. 240). 
Even when everj- otlier 
trace of the volcano has 
been swept away, eri.i- 
sion will not have pas.scd 
below this great still k on 
which the volcano wns 
borne as a fiery flowtr 
whose site it remains 
to mark. In volcauie 
regions of deep denuda- 
tion volcanic necks I'ise solitaiy and abrupt from the surround- 
ing country as dome-shaped hills. They ai'e marked features in 



1 
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the landscape in parts of Scotland and in the St. Lawrence val- 
ley about Montreal (Fig. 241). 

Intnisive sheets. Sheets of igneous rocks are sometimes 
found interleaved with sedimentary strata, especially in regions 
where the rocks have been deformed and have suffered from 
volcanic action. In some instances such a sheet is seen to be 
coniemporniii-iiHn (p, "24^), In other histJtnces the sheet must 




TliE Palisades of tho Hudson, New Jersey 



be intrusive. The overlying stratum, as well as that beneath, 
has been affected by the heat of the once molten rock. We 
infer that the igneous rock wheu in a molten state was toriied 
between the strata, much as a card may be pushed between the 
leaves of ^ closed hook. The liquid wedged its way between 
the layers, liftuig those above to make room for itselt The 
source of the intrusive sheet may often he traced to some 
dike (known therefore as i\\% feeding dike), or to some mass of 
,^eous rock. 
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Fig. 243. Diagram of the Palisades of 
the Hudson 

if intrusive sheet; s, sandstone; d, feeding 
dike; IIHy Hudson River 



Intrusive sheets may extend a score and more of miles, and, 
like the longest surface flows, the most extensive sheets consist 
of the more fusible and fluid lavas, — those of the basic class of ^ 
which basal t is an example . Intrusive sheets are usually harder 
than tne strata in which they lie and are therefore often left in 
relief after long denudation of the region (Fig. 315). 

On the west bank of the Hudson there extends from New York Bay 
north for thirty miles a bold cliff several hundred feet high, — the 
Palisades of the Hudson. It is 
the outcropping edge of a sheet 
of ancient igneous rock, which 
rests on stratified sandstones 
and is overlain by strata of the 
same series. Sandstones and 
lava aheet together dip gently 
to the west and the latter disappears from view two miles back from 
the river. 

It is an interesting question whether the Palisades sheet is contem- 
poraneous or intrusive. Was it outpoured on tlie sandstones beneath it 
when they formed the floor of the sea, and covered forthwith by the 
sediments of the strata above, or was it intruded among these beds at a 

later date ? 

The latter is the 
case ; for the overly- 
ing stratum is in- 
Bcaleo/Miles tensely baked along 

Fig. 244. Section of Electric Pe;ak, E^ and Gray the zone of contact. 
Peak, 6?, Yellowstone National Park j^t the west edge of 

Intrusive sheets and masses of igneous rock are drawn the sheet is found the 

in black jike in which the lava 

rose to force its way far and wide between the strata. 

Electric Peak, one of the prominent mountains of the Yellowstone 
National Park, is carved out of a mass of strata into which many 
sheets of molten rock have been intruded. The western summit con- 
sists of such a sheet several hundred feet thick. Studying the section 
of Figure 244, what inference do you draw as to the source of these 
intrusive sheets? 
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iNTUiJsivE Masses 

Bosses. This name is f^ennrnlly applied to liuge irregular 

masses of coiirsely crA'stalliiie igiiCoua ruck lying in the midst 

of other formations. Bosses 






vary greatly in size and may 
reach scores of miles in ex- 
tent. Seldom are there any 
evidences found that bosses 
ever had connection with 
the surface. On the other 
hand, it is often proved that 
they have heen driven, or 
have melt«d their way, ap- 
ward into the formations in 
which they lie ; for they give off dikes and intrusive sheets, auil 
liftve pn»found]y altered the rocks about them by their heat 

The texture of the rock 
of bosses proves that con- 
solidation proceeded slowly 
and at great depths, and it 
is only because of vast de- 
nudation that they are now 
exposed to view. Bosses are 
commonly harder than the 
rocks about them, and stand 
up, therefore, as rounded 
hills and mountainous 
ridges long after the sur- 
rounding country has worn 
to a low plain (Fig. 245). 

The base of bosses is in- 
definite or undetermiuBd, 
and in this respect they 
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diifer from laccoliths. Some bosses have broken and faulted 
the overlying beds; some have forced the rocks aside aud 
melted them away. 

The Spanish Peaks of southeastern Colorado were formed by the 
Dpthruat of immense tnaBBea of igneoua rock, bulging and breaking the 
overlying strata. On one side of the mountains tlie throw of the fault 
is nearly a mile, and fragments of deep-lying beds were dragged upward 
by the rising masses. The adjacent rocks were altered by heat to a 
distance of several thousand feet. No evidence appears that the molten 
rock ever reached the surface, and if volcanic eruptions ever took place 
either in Liya flows or fragmental materials, all traces of tlicin have 
been effaced. The rock of the intrusive masses is coarsely crystalline, 
and no doubt solidified slowly under the pressure of vast thicknesses of 
overlying rock, now mostly removed by erosion. 

A magnificent system of dikes radiates from the Peaks to a distance 
of fifteen mUea, some now being left by long erosion as walla a, hundred 
feet in height (Fig. 239). Intrusive sheets fed by the dikes penetrate 
the surrounding strata, and their edges are cut by canyons as much as 
twenty-five miles from the mountain. In these strata are valuable beds 
of lignite, an imperfect coal, which the heat of dikes and sheets has 
changed to coke. 

Laccoliths. The laccolith (Greek ?«cct>? cisteni; litlios stone) 
is a variety of intrusive masses m which molten rock liaa 
spread between the strata, 
and, lifting the strata above 
it to a dome-shaped form, 
has collected beneath them 
in a lens-shaped body with 
a flat basa 

The Henry Sfonniaim, a 
small group of detached peaks '"" " '' '"'"' " '' ^ "'■'-'-"'"•" 

in southern Utah, rise from a plateau of horizontal rocks Some of the 
peaks are carved wboUy in separate domelike uplifts of the strata of 
the plateau. In others, as Mount Hillers the kr^est f the group there 
is exposed on the summit a core of igne us r ck from which the sedi 
mentary rocka of the flanks di| steeply outward m sU. da«c\,\aw& "Vti 
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still others erosion has stripped oS the covering strata and has laid bait 
the core to its base ; and its shape is here seen to be that of a pUoo- 
convex lens or a baker's bun, its flat base resting on the undisturbed 
bedded rooka beneath. The structure of Mount Hillers ia ahown in 
Figure 248. The nucleus of igneous rock is four miles in diameter 
and more than a mile in depth. 

R^onal intrusions. These vast bodies of igneous rock, which 
may reach hundreds of miles in diameter, differ Httle from bosses 
except in their immense bulk. Like bosses, regional intrusions 
gi\e off dikes and sheets 
and greatly change the 
rjcks about them bj 
their heat They are 
iiow exposed to view 
only because of the pro- 
found denudation whicli 
s removed the uphea\ed dome of rocks beneath which thej 
slowly cooled feuch intiusions are accompanied — whether as 
cause or as effect is still hardly known — b) deformatims and 
their masses of igneous rock are thus found as the cire of many 
great mountain i.mges Tlie granitic masses of wliicli the Bitter 
Root Mountains and tlie Sierra Nevadas have been largely canned 
are eacli more tliau three liuiidi'ed miles in length, Iminense 
regional intrusions, the cores of once lofty mountain ranges, are 
found upon tlie Laurentian peneplain. 

Physiographic effects of intrusive masses. We have already 
seen examples of the topt^raphic effects of intrusive masses in 
Mount Hillers, tlie Spanish Peaks, and in the great mountain 
ranges mentioned in the paragraph on regional intrusions, 
altliough hi tlie latter uistanees these effects are entangled 
with the effects of otlier processes. Masses of igneous rock 
cannot be uitruded witliui the crust without an accompanying 
deformation on a scale corresponding to the bulk of the in- 
truded mass. The overlying strata are arched into hi 11b or 
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mountains, or, if the molten material is of great extent, the strata 
may conceivably be floated upward to the height of a plateau. 
We may suppose that the transference of molten matter from one 
r^on to another may be among the causes of slow subsidences 
and elevations. Intrusions give rise to fissures, dikes, and in- 
trusive sheets, and these dislocations -cannot fail to produce earth- 
quakes. W here intrusive masses open commimication with the 
s urface, v nlcannftft ATP ^°^°Hiffh^^ ^^ fissiirt ^mnfiirrn*=^ occur such 
as those of Iceland. 




The Intrusive Eocks 

The igneous rocks are divided into two general classes, — the 
^<i2olca7iic or eruptive)rocks, which have beenoutpoured in open 
air or on the floor of the sea, and the\^nirusive. rocks, which 
have been intruded within the rocks of the crust and have solid- 
ified below the surface. The two classes are alike in chemical 
composition and may be divided into ,acidic-and ^sic g roups. 
In texture the intrusive rocks differ from the volcanic rocks 
because of the different conditions under which they have 
solidified. They cooled far more slowly beneath the cover of 
the rocks into which they were pressed than is permitted to lava 
flows in open air. Their constituent minerals had ample oppor- 
tunity to sort themselves and crystallize from the fluid mixture, 
and none of that mixture was left to congeal as a glassy paste. 

They consolidated also under pressure. They are never sco- 
riaceous, for the steam with which they were charged was not 
allowed to expand and distend them with steam blebs. In the 
rocks of the larger intrusive masses one may see with a power- 
ful microscope exceedingly minute cavities, to be counted by 
many millions to the cubic inch, in which the gaseous water 
which the mass contained was held imprisoned imder the im- 
mense pressure of the overlying rocks. 

Naturally these characteristics are best developed in the 
intrusives which cooled most slowly, i.e. in the deei3e8t-se9.tie.d 
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and largest maaaea ; while in those wliich cooled more rapidly, 
in dikes and sheets, we find gradations approaching ibe 
texture of surface flows. 

Varieties of the intrusive locks. We will now describe a 

few of the varieties of rocks of deep-seated intrusioua. All are 

1 graiiieii, consisting of a mass of crystalline graina formed 

during one continuous stage of aolidification, and no porphyrilic 

.^^6 crystals appear as in lavas. 

<^^' Granite , as we have learned already, is composed of three 

IJj'^^y minerals, — quartz, feldspar, and mica. According to the color of 

i V the feldapar the rock may be red, or pink, or gray. Horublende 

— a black or dark green mineral, an iron-magnesian silicaU, 

about aa hard as feldspar — -is sometimes found as a fourth 

constituent, and the rock is then known as horn Mendw ^unJU. 

Granite is an ^cidic rock corresponding tojhyolite in chemical 

composition. We may beUeve that the same molten mass which 

■ supphes this acidic lava in surface flows soUdifiea as graniK 

"■ deep below ground in the volcanic reservoir. 

. y^ \ Syenite, composed of f gldspar and mica, has conaoliditeii 

j^' . ;^from a less siliceous mixture than has gramt?. 

yoTi Dhrite, still less siliceous, is composed of hornblende and 
^v \ feldspar, — the latter mineral being of different variety from the 
y\ feldspar of granite and syenite. 

'■ Gahbro, a typical basic rock, corresponds to basalt in cbemical 

\;^ imposition. It is a dark, heavy, coarsely crystalline aggr^W 

(iji ■■'■ of feldspar and av.yite_(a dark mineral aUied to hornblende). It 

r\ "NpDfterrxontaiii* wj^yw^iifej (the magnetic black oxide of iron) ami 

'divine' (a, greenish hiagnesian siHcate). 

"fe'lhe northern states all these types, ta\d many others ttUo 
of the vast number of varieties of intrusive rocks, can be found 
among the rocks of the drift brought from the areas of ^eoos 
n»ck in Canada and the states of our northern border. 
, Summary. The records of geol<^- prove tliat since the earli- 

;^^ est of their annals tremendous forces have been active m lie 
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earth In all the past, under pressures inconceivably great, 
molten rock has been dnven upward into the rocks of the crust 




'', , ,^«. 


of coareely LryBtalline Ig 
nt(US Rock 1 sirroundeii 


IG.249. Ground PUn of Dikes 
in Granite. (Scale 80 feet to 
the inch) 
Vhat Is the relative age ot the dikes 


by Sediuieiitdry Strata a 
aids' 
Copy each 1 igrim and complele 
It 80 as to show whetlier the 
masB ot igieous rock is a 
volcanic neck a boss ar a 



It has squeezed into fissures forming dikes; it has burrowed 
among the strata as intrusive slieets ; it has melted the rocks 
away or lifted the overlying strata, filling the chambers wliich 
it lias made witli intrusive masses. During 
all geological ages molten rock lias found 
■ way to the surface, and volcanoes have 
darkened the sky with clouds of ashes and 
pimred stieams of glowing lax'a down their 
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Bides. The older strata, — the strata wliicli have been most 
deeply buried, — and especially those whitOi have suffered most 
frum foKUng and frnm fracture, show the largest amount of igne- 
ous intrusions. The molten I'ock which has been 
driven from the earth's interior to withia the 
crust or to the surface lurmg geologic time must 
be reckoned in mdJioub of cubic miles. 




Which ur tlie lava si 
Ihia section are vo 
ponuieoiiB and whii 



a. conglomemte ot rullod 
lava pebbles; fi. theiTaohs 
and Beams of whose nppar 
aurfaoe are filled with the 
material of the overly- 
ing sandgtoiie ; C, which 
breaks across the strata in 
which it 1b imbedded; D, 
which Inclades CragmentH 
of bnth the underlying 
and overlying strata and 
penetrates their crevices 




Fic 2 i Matu Tepee Wv m ng 
This magn Hcent tower of gnenus rock Uiree 
hundred feet in be gbt has been called by 
some a volcan a neck Is the d rect on ot the 
columns that which wonld obta n in tlu 
cylindrical pijia of a volcano? The towwi! 
probably the remnant ol a siuikU laiwolith, m 
outlying member ot a group of laccollthi 
situated not far distant ' 



The Interior Condition of the Earth and Caoses ^M 
of vulcanism and deformation fl 

The problems of volcanoes and of deformation are so closely 
connected with that of the earth's interior that we may consider 
them together. Few of these problems are solved, and we may 
oidy state some known facts and the probable conelusioBS 
which may be drawn as inferences from them. 
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The interior of the earth is hot. Volcanoes prove that in 
Qany parts of the earth there exist within reach of the sur- 
ace r^ons of such intense heat that the rock is in a molten 
ondition. Deep wells and mines show everywhere an increase 
1 temperature below the surface shell afifected by the heat of 
iimmer and the cold of winter, — a shell in temperate latitudes 
jxty or seventy feet thick. Thus in a boring more than a mile 
eep at Schladebach, Germany, the earth grows warmer at the 
ite of 1° F. for every sixty-seven feet as we descend. Taking 
16 average rate of increase at one degree for every sixty feet 
I descent, and assuming that this rate, observed at the moderate 
[stances open to observation, continues to at least thirty-five 
dies, the temperature at that depth must be more than three 
lousand degrees, — a temperature at which all ordinary rocks 
oiild melt at the earth's surface. The rate of increase in tem- 
siatuie probably lessens as we go downward, and it may not be 
pppeciable below a few hundred miles. But there is no reason 
) doubt that the interior of the earth is intensely/ hot. Below 
depth of one or two score miles we may imagine the rocks 
irerywhere glowing with heat. 

Although the heat of the interior is great enough to melt all 
)cks at atmospheric pressure, it does not follow that the interior 

fluid. Pressure raises the fusing point of rocks, and the 
eight of the crust may keep the interior in what may be 
■died a solid state, although so hot as to be a liquid or a gas 
^ere the pressure to be removed. 

The interior of the earth is rigid and heavy. The earth 
ehaves as a globe more rigid than glass under the attractions 
f the sun and moon. It is not deformed by these stresses as 
i the ocean in the tides, proving that it is not a fluid ball cov- 
red with a yielding crust a few miles thick. Earthquakes pass 
hrough the earth faster than they would were it of solid steel, 
lence the rocks of the interior are highly elastic, being brought 
)y pressure to a compact, continuous condition u3ibtoke.\i \s^ 
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the cracks and vesicles of surface rocks. The interior of th 
earth is rigid. 

The common rocks of the crust are about two and a half 
times heavier than water, while the earth as a whole weighs 
five and six-tenths times as much as a globe of water of the same 
size. The interior is therefore much more heavy than the crust. 
This may be caused in part by compression of the interior 
under the enormous weight of the crust, and in part also by 
an assortment of material, the heavier substances, such as the }:] 
heavy metals, having gravitated towards the center. 

Between the crust, which is solid because it is cool, and the 
interior, which is hot enough to melt were it not for the pressure j;^ 
which keeps it dense and rigid, there may be an intermediate 
zone in which heat and pressure are so evenly balanced that [^ 
here rock liquefies whenever and wherever the pressure upon 
it may be relieved by movements of the crust. It is perhaps 
from such a subcrustal layer that the lava of volcanoes is 
supplied. 

The causes of volcanic action. It is now generally beUeved 
that the heat of volcanoes is that of the earth's interior. Other 
causes, such as friction and crushing in the making of moun- 
tains and the chemical reactions between oxidizing agents of 
the crust and the unoxidized interior, have been suggested, but 
to most geologists they seem inadequate. 

Tliere is much difference of opinion as to the force which 
causes molten rock to rise to the surface in the ducts of vol- 
canoes. Steam is so evidently concerned in explosive eruptions 
that many believe that lava is driven upward by the expansive 
force of the steam with which it is charged, much as a viscid 
liquid rises and boils over in a test tube or kettle. 

But in quiet eruptions, and still more in the irruption of intru- 
sive sheets and masses, there is little if any evidence that steam 
is the driving force. It is therefore believed by many geologists 
that it is pressure due to crustal movements and internal stresses 
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which squeezes molten rock from below into fissures and ducts 
In the crust. It is held by some that where considerable water 
Ls supplied to the rising column of lava, as from the ground 
water of the surrounding region, and where the lava is viscid 
3o that steam does not readily escape, the eruption is of the 
explosive type ; when these conditions do not obtain, the lava 
Dutwells quietly, as in the Hawaiian volcanoes. It is held by 
Dthers not only that volcanoes are due to the outflow of the 
earth's deep-seated heat, but also that the steam and other 
emitted gases are for the most part native to the earth's in- 
berior and never have had place in the circulation of atmos- 
pheric and ground waters. 

Volcanic action and deformation. Volcanoes do not occur on 
wide plains or among ancient mountains. On the other hand, 
where movements of the earth's crust are in progress in the 
uplift of high plateaus, and still more in mountain making, 
tnolten rock may reach the surface, or may be driven upward 
toward it forming great intrusive masses. Thus extensive lava 
Hows accompanied the upheaval of the block mountains of west- 
em North America and the uplift of the Colorado plateau. A 
line of recent volcanoes may be traced along the system of rift 
valleys which extends from the Jordan and Dead Sea through 
eastern Africa to Lake Nyassa. The volcanoes of the Andes 
show how conspicuous volcanic action may be in young rising 
ranges. Folded mountains often show a core of igneous rock, 
which by long erosion has come to form the axis and the highest 
peaks of the range, as if the molten rock had been squeezed up 
under the rising upfolds. As we decipher the records of the 
rocks in historical geology we shall see more fully how, in all 
the past, volcanic action has characterized the periods of great 
crustal movements, and how it has been absent when and where 
the earth's crust has remained comparatively at rest. 

The causes of deformation. As the earth's interior, or nucleus, 
is highly heated it must be constantly though slowbj lo^m'^S!^"^ 
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heat by conduction through the crust and into space ; and since 
the nucleus is cooling it mu^ also be contracting. The nucleus 
has contracted also because of the extrusion of molten matter, 
the loss of constituent gases given off in volcanic eruptions, and 
{still more important) the compression and consolidation of its 
material under gravity. As the nucleus contracts, it tends to 
draw away from the cooled and solid crust, and the latter set- 
tles, adapting itself to the shrinking nucleus much as the skin 
of a withering apple wrinkles down upon the shrunken fruit 
The imsupported weight of the spherical crust develops enor- 
mous tangential pressures, similar to the stresses of an arch 
or dome, and when these lateral thrusts accumulate beyond 
the power of resistance the solid rock is warped and folded and 
broken. 

Sinbe the planet attained its present mass it has thus been 
lessening in volume. Notwithstanding local and relative up- 
heavals the earth's surface on the whole has drawn nearer and 
nearer to the center. The portions of the lithosphere whicli 
have been carried down the farthest have received the waters 
of the oceans, while those portions which have been carried 
down the least have emerged as continents. 

Although it serves our convenience to refer the movements 
of the crust to the sea level as datum plane, it is understood 
that this level is by no means fixed. Changes in the ocean 
basins increase or reduce their capacity and thus lower or raise 
the level of the sea. But since these basins are connected, the 
effect of any change upon the water level is so distributed that 
it is far less noticeable than a corresponding change would be 
upon the land. 



CHAPTER XIII 
METAMORPHISM AND MINERAL VEINS 

Under the action of internal agencies rocks of all kinds may 
be rendered harder, more firmly cemented, and more crystalline. 
These processes are known as metdmorphism, and the rocks 
affected, whether originally sedimentary or igneous, are called 
metamorphic rocks. We may contrast with metamorphism the 
action of external agencies in weathering, which render rocks 
less coherent by dissolving their soluble parts and breaking 
down their crystalline grains. 

Contact metamorphism. Eocks beneath a lava flow or in 
contact with igneous intrusions are found to be metamorphosed 
to various degrees by the heat of the cooling mass. Tlie adja- 
cent strata may be changed only in color, hardness, and texture. 
Thus, next to a dike, bituminous coal may be baked to coke or 
anthracite, and chalk and limestone to crystalline marble. Sand- 
stone may be converted into quartzite, and shale into argillite, 
a compact, massive clay rock. New minerals may also be de- 
veloped. In sedimentary rocks there may be produced crystals 
of mica and of garnet (a mineral as hard as quartz, commonly 
occurring in red, twelve-sided crystals). Where the changes are 
most profound, rocks may be wholly made over in structure and 
mineral composition. 

In contact metamorphism thin sheets of molten rock pro- 
duce less effect than thicker ones. The strongest heat effects 
are naturally caused by bosses and regional intrusions, and the 

• * 

zone of change about them may be several miles in width. In 
these changes heated waters and vapors from the masses of 
igneous rocks imdoubtedly play a very impoit3LXi\* ^^-t^,. 
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Which -will be more strongly altered, the rocks abont a closed dikB 
ia which lava began to cool as soon as it filled the fissure, or the roda 
about a dike which opened on the surface and through which iiie 
molten rock flowed for some time? 

Taking into consideration the part played by heated waters, which iviO 
produce the most far-reaching metamorphism, dikes which cut acrosB the 
bedding planes or intrusive sheets which are thrust between the strata? 

Regional metamorphism. Metamorphio rocks occur wide- 
spread in many regions, often hundreds of square miles in area, 
where such extensive changes cannot be accounted for lay 
igneous intrusions. Such are the dissected cores of lofty moim- 
tains, as the Alps, and the worn-down bases of ancient ranges, 
as in New England, large areas in the Piedmont Belt, and tibe 
Laurentian peneplain. 

In these regions the rocks have yielded to immense pressure. 
They have been folded, crumpled, and mashed, and even their 
minute grains, as one may see with a microscope, have often 
been puckered, broken, and crushed to powder. It is to these 
mechanical movements and strains which the rocks have suf- 
fered in every part that we may attribute their metamorphism, 
and the degree to which they have been changed is in direct pro- 
portion to the degree to which they have been deformed and 
mashed. 

Other factors, however, have played important parts. Eock 
crushing develops heat, and allows a freer ciiiculation of heated 
waters and vapors. Thus chemical reactions are greatly quick- 
ened ; minerals are dissolved and redeposited in new positions, 
or their chemical constituents may recombine in new minerals^ 
entirely changing the nature of the rock, as when, for example, 
feldspar recrystallizes as quartz and mica. 

Early stages of metamorphism are seen in slate. Pressure hai 
hardened the marine muds, the arkose (p. 186), or the volcanic ash 
"^ which slates are derived, and has caused them to cleave hy the 
^ement of their particles. 
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Under somewhat greater presaure, sliite lieconifH pkylHle, a clay slate 
'vhoBB cleavage Burfaaea are luKtrous witti flat-ljing mica Hakes. The 
aame preKsure which has caused the rock to cleave haa set free some of 
iis mineral constituents along the cleuvnge planea to cryalalli/e there 



Foliation. Under still stronger pressure the whole structure 
of the rock is altered. The raiueriils of which it is cumpcised, 
aud the new miner- 
als wliich develop 
hy heat and pres- 
sure, arrange them- 
selves along planes 
of cleavage or of 
shear in rudely par- 
allel leaves, or folia. 
Of this structure, 
called folialion, we 
may distinguish two 
types,— a coarser 
feldspathic type, 
and a fine type in 
which other miner- 
als than feldspar 
predominate. 

Gneiss is the 
general name under 
which are comprised coarsely foliated rocks banded with irregu- 
lar layers of feldspar and other minerals. The gneisses appear 
to b e due in many cases to the em ahin^ ami snearing of deep- 
.^at«d ig neous rocks, such as granite and gahhro. 

I'be crystalline sctiists, representing the finer types of folia- 
tion, consist of thin, parallel, crystalline leaves, which are often 
remarkably crumpled. These folia can be distinguished from 
the lanunje of sedimentary rocks by their lenticuLai: Iq'cvq. %,\A 
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lack of continuity, and especially by the fact that they consist 
of platy, crystalline grains, and not of particles rounded by 
wear. 

Mica schuitf the most common of schists, and in fact of all metamor- 
phic rocks, is composed of mica and quartz in alternating wavy folia. 
All gradations between it and phyllite may be traced, and in many 
cases we may prove it due to the metamorphism of slates and shales. 
It is widespread in New England and along the eastern side of the 
Appalachians. Talc schist consists of quartz and talc, a light-colored 
magnesian mineral of greasy feel, and so soft that it can be scratched 
with the thumb nail. 

Hornblende schist, resulting in many cases from the foliation of basic 
igneous rocks, is made of folia of hornblende alternating with bands 
of quartz and feldspar. Hornblende schist is common over large areas 
in the Lake Superior region. 

Quartz schist is produced from quartzite by the development of fine 
folia of mica along planes of shear. All gradations may be found 
between it and unfoliated quartzite on the one hand and mica schist on 
the other. 

Under the resistless pressure of crustal movements almost any rocks, 
sandstones, shales, lavas of all kinds, granites, diorites, and gabbros 
may be metamorphosed into schists by crushing and shearing. Lime- 
stones, however, are metamorphosed by pressure into marble, the grains 
of carbonate of lime recrystallizing freely to interlocking crystals of 
calcite. 

Tliese few examples must suilice of the great class of meta- 
morpliic rocks. As we have seen, tliey owe their origin to the 
alteration of both of the other classes of rocks — the sedimentary 
and the igneous — b}' heat and pressure, assisted usually by 
the presence of water. The fact of change is seen in their hard- 
ness and cementation, their more or less complete recrystaUi- 
zation, and their foliation ; but the change is often so complete 
that no trace of their original structure and mineral composi- 
tion remains to tell whether the rocks from which they were 
derived were sedimentary or igneous, or to what variety of either 
oi these classes they belonged. 
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lu many cases, however, the early history of a metamorphic 
rock can be deciphereiL Fossils not wholly obliterated may 
prove it originally water-laid. Schists may contain rolled-out 
pebbles, allowing their derivation from a conglomerate. Dikes 
of igneous rocks may be followed into a region where tliey have 
been fohated by pressui'e. The most thoroughly metamorphosed 
rocks may sometimes be traced out into unaltered sedlmentuij 
or igneous rocks, or among them may be found patches of httle 
change where their 
history maybe read 
Metamorphism 
is moat common 
among rocks of tbe 
earlier geological 
ages, and most rare 
among rocks of 
recent formation. 
No doul)t it is now 
in progress where 
deep-buried sedi- 
ments are invaded 
by heat either from intrusive igneous masses or from the earth's 
interior, or are sulferiug slow^ deformatiou under the thrust of 
mountain-making forces. 
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Wliy i!o metamorphi 



etamorphif 
; rocks apr 



1 niaj Hometitnes 
kr on tlie surfaM 



Mineral Veixs 



In regions of folded and broken rocks fissures are frequently 
found to be filled with sheets of crystalline miuerals depOEdte^ 
from solution by underground water, and fissures thuS; filled at* 
known as mineral veins. Much of the importance of i 
veins is due to the fact that they are often metoUUffloV^ 
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canying valuable native metals and metallic ores disseminated 
in fine particles, in strings, and sometimes in large masses in the 
midst of the valueless nonmetallic minerals which make up 
what is known as the vein atone. 

The most common vein stones are quartz and calcite. Fluorite (cal- 
cium fluoride), a mineral harder than calcite and crystallizing in cubes 
of various colors, and barite (barium sulphate), a heavy white mineral, 
are abundant in many veins. 

The gold-bearing quartz veins of California traverse the metamor- 

phic slates of the Sierra Nevada Mountains. Below the zone of solution 

(p. 45) these veins consist of a vein stone of quartz mingled with 

pyrite (p. 13), the latter containing threads and grains of native gold. 

But to the depth of about 

fifty feet from the surface 

the pyrite of the vein has 

been dissolved, leaving a 

rusty, cellular quartz with ,^ ^-o ,„ ^ -^ • i-i t* 
'' , iiG. 258. Placer Deposits m Caliiomia 

grains of the insoluble gold 

scattered through it. ^' gold-bearing gravels in present river beds; g% 

° . ancient gold-bearing river gravels; a, a, lava 

The placer deposits of flows capping table mountains ; «, slate. Draw 

California and other a diagram showing by dotted lines conditions 

««„;^«« ««« «i^i^ v.«««;«« before the lava flows occurred. What changes 
regions are gola-bearinff x. - ^ ^ ^ n 
o o o have since taken place ? 

deposits of gravel and sand 

in river beds. The heavy gold is apt to be found mostly near or upon the 
solid rock, and its grains, like those of the sand, are always rounded. 
How the gold came in the placers we may leave the pupil to suggest. 

Copper is found in a number of ores, and also in the native 
metal. Below the zone of surface changes the ore of a cop- 
per vein is often a double sulphide of iron and copper called 
chalcopyrite, a mineral softer than pyrite — it can easily be 
scratched with a knife — and deeper yellow in color. For sev- 
eral score of feet below the ground the vein may consist of 
rusty quartz from which the metallic ores have been dissolved ; 
but at the base of the zone of solution we may find exceedingly- 
rich deposits of copper ores, — copper sulphides, red and black 
copper oxides, and green and blue copper cai\iaYi"aki^^, ^\>c^0^ 
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have clearly been brought down in s^~>lution from the L 
upper portion of the vein. 

Qrigm of mineral Yeins. Bixh vein stii^ies and ores have 
deposited slowly from solution in water, much as crystals of 
are deposited on the sides of a jar of saturated brine. In 
study of underground water we learned that it is ever}'wl 
circulating through the permeable rt-eks of the crust, d 
ing to profound depths under the at^tion of gravity and 
driven to the surface by hydrostatic pressure. Xow fissure 
wherever thev occur, form the trunk channels of the unde 
ground circulation. Water descen«ls fr»jm the surface aloD 
these rifts; it moves laterally from either side to the fissui 
plane, just as ground water seeps through the surrounding rocli 
from ever}' direction to a well ; and it ascends through thea 
natural water wavs as in an artesian well, whenever thev intff 
sect an aquifer in which water is under hydrostatic pressure. 

The waters whicli deposit vein stones and ores are commonlj 
hot, and in manv cases tliev have deiivfd their heat from intni- 
sions of igne^jus r<xk still unc«xjled \\iiliin the crust. Tlie sol- 
vent jxjwer of the water is thus greatly increased, and it takes 
up into solution various sul 'StanLes fr««m the igneous and sedi- 
mentarv rrx:ks wliich it tmverstfS. For vari« ais reasons these sub- 
stances are dejxjsited in the vein as ores and vein stones. On 
rising through the fissure the water eL»t»ls and loses pressure, and 
its capacity to hold minerals in solution is therefore lessened 
Besides, as different currents meet in the fissure, some ascend- 
ing, sfjme descending, and some coming in from the sides, the 
chemical reaction of these various weak solutions upon one 
another and ujxjn tlie walls of the vein precipitates the minerals 
of veui stuffs and ores. 

As an illustration of the method of vein deposits we may cite the case 
of a wooden box pipe used in the Comstock mines, Xevada, to cany the 
hot water of the mine from one level to another, which in ten veart 
was lined with calcium carbonate more than half an inch thick. 



METAMORPHISM AND MINERAL VEINS 



289 



The Steamboat Springs, Nevada, furnish examples of mineral veins 
in process of formation. The steaming water rises through fissures in 
volcanic rocks and is now depositing in the rifts a vein stone of quartz, 
^ith metallic ores of iron, mercury, lead, and other metals. 

Reconcentration. Near the base of the zone of solution veins 
are often stored with exceptionally large and valuable ore 
deposits. This local enrichment of the vein is due to the recon- 
centration of its metalliferous ores. As the surface of the land 





Fig. 259. Reconcentration of Ores in Mineral Veins 

A, original vein ; J5, same after reconcentration ; v, mineral vein ; s, sur- 
face of ground (dotted line, former surface of the ground) ; sp, spring ; 
o, vein leached of ores by descending waters in zone of solution; 
m, rich ore deposits reconcentrated from above ; ?i, unchanged portion 
of vein 

is slowly lowered by weathering and running water, the zone of 
solution is lowered at an equal rate and encroaches constantly 
on the zone of cementation. The minerals of veins are therefore 
constantly being dissolved along their upper portions and carried 
down the fissures by groimd water to lower levels, where they 
are redeposited. 

Many of the richest ore deposits are thus due to successive 
concentrations : the ores were leached originally from tke rocks 
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to a large extent by laterally seeping waters ; they were concen- 
trated in the ore deposits of the vein chiefly by ascending cur- 
rents ; they have been reconcentrated by descending waters in 
the way just mentioned. 

The original source of the metals. It is to the igneous rocb 
that we may look for the original source of the metals of veins. 
Lavas contain minute percentages of various metallic com- 
pounds, and no doubt this was the case also with the igneous 
rocks which formed the original earth crust By the erosion 
of the igneous rocks the metals have been distributed among 
sedimentary strata, and even the sea has taken into solution 
an appreciable amount of gold and other metals, but in this 
widely diffused condition they are wholly useless to maa 
The concentration which has made them available is due to 
the interaction of many agencies. Earth movements fracturing 
deeply the rocks of the crust, the intrusion of heated masses, 
the circulation of underground waters, have all cooperated in 
the concentration of the metals of mineral veins. 

While fissure veins are the most important of mineral veins, the 
latter term is applied also to any water way which has been filled by sim- 
ilar deposits from solution. Thus in soluble rocks, such as limestones, 
joints enlarged by percolating water are sometimes filled with metallif- 
erous deposits, as, for example, the lead and zinc deposits of the upper 
Mississippi valley. Even a porous aquifer may be made the seat of 
mineral deposits, as in the case of some copper- and silver-bearing sand- 
stones of New Mexico. 



Paet III 

HISTORICAL GEOLOGY 

CHAPTEK XIV 
THE GEOLOGICAL RECORD 

What a formation records. We have already learned that 
ich individual body of stratified rock, or formation, constitutes 
record of the time when it was laid. The structure and the 
[laracter of the sediments of each formation tell whether the 
rea was land or sea at the time when they were spread ; and 

the former, whether the land was river plain, or lake bed, 
: was covered with wind-blown sands, or by the deposits of 
1 ice sheet. If the sediments are marine, we may know also 
hether they were laid in shoal water near the shore or in 
5eper water out at sea, and whether during a period of emer- 
jnce, or during a period of subsidence when the sea transgressed 
e land. By the same means each formation records the stage 
the cycle of erosion of the land mass from which its sediments 
3re derived (p. 185). An unconformity between two marine 
rmations records the fact that between the periods when 
ey were deposited in the sea the area emerged as land and 
iTered erosion (p. 227). The attitude and structure of the 
rata tell also of the foldings and fractures, the deformation 
id the metamorphism, which they have suffered; and the 
neous rocks associated with them as lava flows and igneous 
trusions add other details to the story. Each formation is 
Lus a separate local chapter in the geological histo^^ Q.i W^a 
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earth, and its strata are its leaves. It contains an authentic 
record of the physical conditions — the geography — of the 
time and place when and where its sediments were laid 

Past cycles of erosion. These chapters in the history of the 
planet are very numerous, although much of the record has been 
destroyed in various ways. A succession of different formations 
is usually seen in any considerable section of the crust, such as 
a deep canyon or where the edges of upturned strata are exposed 
to view on the flanks of moimtain ranges ; and in any extensive 
area, such as a state of the Union or a province of Canada, the 
number of formations outcropping on the surface is large. 

It is thus learned that our present continent is made up for 
the most part of old continental deltas. Some, recently emerged 
as the strata of young coastal plains, are the records of recent 
cycles of erosion ; while others were deposited in the early his- 
tory of the earth, and in many instances have been crumpled 
into mountains, which afterwards were leveled to their bases 
and lowered beneath the sea to receive a cover of later sedi- 
ments before they were again uplifted to form land. 

The cycle of erosion now in progress and recorded in the 
layers of stratified rock being spread beneath the sea in conti- 
nental deltas has therefore been preceded by many similar cycles. 
Again and again movements of the crust have brought to an 
end one cycle — sometimes when only weU mider way, and 
sometimes when drawing toward its close — and have begun 
another. Again and again they have added to the land areas 
which before were sea, with all their deposition records of 
earlier cycles, or have lowered areas of land beneath the sea to 
receive new sediments. 

The age of the earth. The thickness of the stratified rocks 
now exposed upon the eroded surface of the continents is ver}' 
great. In the Appalachian region the strata are seven or eight 
miles thick, and still greater thicknesses have been measured in 
several other mountain ranges. The aggregate thickness of all 
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he formations of the stratified rocks of the earth's crust, giving 
each formation its maximum thickness wherever found, 
mounts to not less than forty miles. Knowing how slowly 
ediments accumulate upon the sea floor (p. 184), we must 
»eUeve that the successive cycles which the earth has seen 
tretch back into a past almost inconceivably remote, and 
aeasure tens of millions and perhaps even hundreds of millions 
f years. 

How the formations are correlated and the geological record 
lade up. Arranged in the order of their succession, the forma- 
ions of the earth's crust would constitute a connected record in 
/^hich the geological history of the planet may be read, and 
lierefore known as the geological record. But to arrange the 
3rmations in their natural order is not an easy task. A com- 
lete set of the volumes of the record is to be found in no single 
3gion. Their leaves and chapters are scattered over the land 
irface of the globe. In one area certain chapters may be 
)und, though perhaps with many missing leaves, and with inter- 
9ning chapters wanting, and these absent parts perhaps can be 
ipplied only after long search through many other regions. 

Adjacent strata in any region are arranged according to the 
\w of superposition, y^ any stratum is younger than that on 
hicli it was deposit/^d, just as in a pile of paper, any sheet was 
id later than that: on which it rests. Where rocks have been 
sturbed, their original attitude must be determined before the 
w can be applied. Nor can the law of superposition be used 
identifying and comparing the strata of difiFerent regions 
here the formations cannot be traced continuously from one 
igion to the other. 

The foimations of different regions are arranged in their true 
'der by the law of included organisms ; i.e. formations, how- 
iQV widely separated, which contain a similar assemblage of 
>ssils are equivalent and belong to the same division of geo- 
>gical time. 
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The correlation of formations by means of fossils may be explained 
by the formations now being deposited about the north Atlantic. Litho- 
logically they are extremely various. On the continental shelf of North 
America limestones of different kinds are forming ofE Florida, and sand- 
stones and shales from Georgia northward. Separated from them by 
the deep Atlantic oozes are other sedimentary deposits now accumulat- 
ing along the west coast of Europe. If now all these offshore formations 
were raised to open air, how could they be correlated ? Surely not by 
lithological likeness, for in this respect they would be quite diverse. All 
would be similar, however, in the fossils which they contain. Some 
fossil species would be identical in all these formations and others 
would be closely allied. Making all due allowance for differences in 
species due to local differences in climate and other physical causes, it 
would still be plain that plants and animals so similar lived at the same 
period of time, and that the formations in which their remains were 
imbedded were contemporaneous in a broad way. The presence of the 
bones of whales and other marine mammals would prove that the strata 
were laid after the appearance of mammals upon earth, and imbedded 
relics of man would give a still closer approximation to their age. In 
the same way we correlate the earlier geological formations. 

For example, in 1902 there were collected the first fossils ever found 
on the antarctic continent. Among the dozen specimens obtained were 
some fossil ammonites (a family of chambered shells) of genera which 
are found on other continents in certain formations classified as the 
Cretaceous system, and which occur neither above these formations nor 
below them. On the basis of these few fossils we may be confident that 
the strata in which they were found in the antarctic region were laid 
in the same period of geologic time as were the Cretaceous rocks of the 
United States and Canada. 

The record as a time scale. By means of the law of included 
organisms and the law of superposition the formations of differ- 
ent countries and continents are correlated and arranged in 
their natural order. When the geological record is thus obtained 
it may be used as a universal time scale for geological history. 
Geological time is separated into divisions corresponding to the 
times during which the successive formations were laid. The 
largest assemblages of formations are known as groups, while the 
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corresponding divisions of time are known as eras. Groups 
ire subdivided into systems, and systems into series. Series 
ire divided into stages and substages, — subdivisions which 
io not concern us in this brief treatise. The corresponding 
iivisions of time are given in the following table. 

Strata Time 

Group Era 

System Period 

Series Epoch 

The geologist is now prepared to read the physical history — 
jhe geographical development — of any country or of any conti- 
aent by means of its formations, when he has given each for- 
mation its true place in the geological record as a time scale. 

The following chart exhibits the main divisions of the record, 
the name given to each being given also to the corresponding 
time division. Thus we speak of the Cambrian syste77i, mean- 
ing a certain succession of formations which are classified 
together because of broad resemblances in their included organ- 
isms ; and of the Cambrian period, meaniug the time during 
which these rocks were deposited. 



Group and Era 



Cenozoic . . 



System and Period 
Quaternary . 



Mesozoic . . 



Paleozoic . . 



s. Tertiary . . 
r Cretaceous 
-l Jurassic 
L Triassic 

Carboniferous 

Devonian 

Silurian 

Ordovician 

Cambrian 



Series and Epoch 
( Recent 
L Pleistocene 
r Pliocene 
< Miocene 
L Eocene 

r Permian 
-l Pennsylvanian 
L Mississippian 



Algonkian 
Archean 
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Fossils amd what they teach 
The geolt^cal formations contain a record still more impor- 
tant than that of the get^aphieal development of the conti- 
nentfl ; the fossils imbedded in the rocks of each formation tell 
of the kinds of animals and plants which inhabited the earth at 
that time, and from these fossils we are therefore able to con- 
struct the liistory of life upon the earth. 

Foasila. These remains of organisms are found in the strata in all 
degrees of perfection, from trails and tracks and fragmentary impres- 
sions, to perfectly preserved shells, wood, bones, and complete skeletons. 
As a rule, it is only the hard parts of animals and plants vhich have 
left any traces in the rocks. Sometimes the original hard substance is 
preserved, but more often it has been replaced by some less soluble 
material. Petrifaction, as this process of slow replacement b called, is 
often carried on in the most exquisite detail. When wood, for example, 
is undergoing petrifaction, the woody tissue may be replaced, partide 
by particle, by silica in solution through the action of underground 
waters, even the microscopic structures of the wood being perfectly 
reproduced. In shells originally made of aragonite, a crystalline fono 
of carbonate of lime, that mineral is usually replaced by caldte, a more 
stable form of the same substance. The most common petrifying 
materials are caicite, silica, and pyrite (p. 13). 

Often the oqjanic substance has neither been 

preserved nor rejilaced, but the farm has been 

retained by means of molds and casts. Permanent 

impressions, or molds, may be made in sediments 

not only by the hard parts of organisms, but also 

*iG aci Kci-tiuu of bv such soft and perishable parts as the leaves of 

Cast and Mold of plants, and, m the rarest instances, by the skin of 

' annuals anil the feathers of birds. In fine-graineii 

a, Hhell, 6, mol.l nf limestones even the imprints of jellyfish have been 

interior' '• '''^^ " r.-tained 

The dilTerent kinds of molds and casts may be 
illustrated by means of a clam shell and some moist clay, the latter 
represcntmg the sediments in which the remains of animals and plants 
are entombed. Imbedding the shell in the clay and allowing the clay 
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to harden, we have a mold of the exterior of the shell, as is seen on 
cutting the clay matrix in two and removing the shell from it. Filling 
this mold with clay of different color, we obtain a cast of the exterior, 
which represents accurately the original form and surface markings of 
the shell. In nature, shells and other relics of animals or plants are 
often removed by being dissolved by percolating waters, and the molds 
are either filled with sediments or with minerals deposited from 
solution. 

Where the fossil is hollow, a ca^t of the interior is made in the same 
way. Interior casts of shells reproduce any markings on the inside of 
the valves, and casts of the interior of the skulls of ancient vertebrates 
show the form and size of their brains. 

Imperfection of the life record. At the present time only the 
smallest fraction of the life on earth ever gets entombed in 
rocks now forming. In the forest gi-eat fallen tree trunks, as weU 
as dead leaves, decay, and only add a little to the layer of dark 
vegetable mold from which they grew. The bones of land 
animals are, for the most part, left unburied on the surface and 
are soon destroyed by chemical agencies. Even where, as in the 
swamps of river flood plains and in other bogs, there are pre- 
served the remains of plants, and sometimes insects, together 
with the bones of some animal drowned or mired, in most cases 
these swamp and bog deposits are sooner or later destroyed by 
the shifting channels of the stream or by the general erosion 
of the land. 

In the sea the conditions for preservation are more favorable 
than on land; yet even here the proportion of animals and 
plants whose hard parts are fossilized is very small compared 
with those which either totally decay before they are buried in 
slowly accimiulating sediments or are groimd to powder by 
waves and currents. 

We may infer that durmg each period of the past, as at 
the present, only a very uisignificant fraction of the innumer- 
able organisms of sea and land escaped destruction and left in 
continental and oceanic deposits permaneiA. i^cot^^ <A \}ciS«. 
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exifitenca Scanty as these original life records must haye 
been, they have been largely destroyed by metamorphism of 
the rocks in which they were imbedded, by solution in un- 
derground waters, and by the vast denudation under which 
the sediments of earlier periods have been eroded to furnish 
materials for the sedimentary records of later times. Moreover, 
very much of what has escaped destruction still remains undis- 
covered. The immense bulk of the stratified rocks is buried 
and inaccessible, and the records of the past which it contains 
can never be known. Comparatively few outcrops have been 
thoroughly searched for fossils. Although new species are con- 
stantly being discovered, each discovery may be considered as 
the outcome of a series of happy accidents, — that the remains of 
individuals of this particular species happened to be imbedded 
and fossilized, that they happened to escape destruction during 
long ages, and that they happened to be exposed and foimd. 

Some inferences from the records of the history of life upon 
the planet. Meager as are these records, they set forth plainly 
some important truths which we will now briefly mention. 

1. Each series of the stratified rocks, except the very deepest, 
contains vestiges of life. Hence the earth was tenanted by living 
creatures for an uncalculated length of time before human his- 
tory began, 

2. I/ife on the earth has been ever changing. The yoimgest 
strata hold the remains of existing species of animals and 
plants and those of species and varieties closely allied to them. 
Strata somewhat older contain fewer existing species, and in 
strata of a stiU earlier, but by no means an ancient epoch, 
no existing species are to be found; the species of that epoch 
and of previous epochs have vanished from the living world 
During all geological time since life began on earth old species 
have constantly become extinct and with them the genera and 
families to which they belong, and other species, genera, and 
families have replaced them. The fossils of each formation 
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differ on the whole from those of every other. The assemblage 
of animals and plants (the fauncu-fiora) of each epoch differs 
from that of every other epoch. 

In many cases the extinction of a type has been gradual; in 
Dther instances apparently abrupt. There is no evidence that 
any organism once become extinct has ever reappeared. The 
duration of a species in time, or its " vertical range " through 
the strata, varies greatly. Some species are limited to a stratum 
a few feet in thickness; some may range through an entire 
formation and be found but little modified in still higher beds. 
A formation may thus often be divided into zones, each char- 
acterized by its own peculiar species. As a rule, the simpler 
organisms have a longer duration as species, though not as in- 
dividuals, than the more complex. 

3. The larger zoological and botanical groupings survive 
longer than the smaller. Species are so short-lived that a single 
geological epoch may be marked by several more or less com- 
plete extinctions of the species of its fauna-flora and their 
replacement by other species. A genus continues with new 
species after all the species with which it began have become 
extinct. Families survive genera, and orders families. Classes 
are so long-lived that most of those which are known from the 
earliest formations are represented by living forms, and no sub- 
kingdom has ever become extinct. 

Thus, to take an example from the stony corals, — the Zoaniharia, 
— the particular characters which constituted a certain species — Favo- 
sites niagarensis — of the order are confined to the Niagara series. Its 
generic characters appeared in other species earlier in the Silurian and 
continued through the Devonian, Its family characters, represented in 
different genera and species, range from the Ordovician to the close of 
the Paleozoic ; while the characters which it shares with all its order, the 
Zoantharia, began in the Cambrian and are found in living species. 

4. The change in organisms has been gradual. The fossils 
of each life zone and of each formation oi a coTxlQitrasM^<i ^^-tv^^ 
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dosely resemble, with some explainable exceptions, those d the 
beds immediately above and below. The jmiinAlft and plants 
which tenanted the earth during any geological epoch are 80 
closely related to those of the preceding and the succeeding 
epochs that we may consider them to be the descendants of the 
one and the ancestors of the other, thus accounting for the resran- 
blance by heredity. It is therefore believed that the species of 
animals and plants now living on the earth are the descendants 
of the species whose remains we find entombed in the rocks, and 
that the chain of life has been unbroken since its b^inning. 

5. The change in species has been a gradual differerUiatum. 
Tracing the lines of descent of various animals and plants of 
the present backward through the divisions of geologic time, we 
find that these liiies of descent converge and unite in simpler 
and still simpler types. The development of life may be repre- 
sented by a tree whose trimk is found in the earliest ages and 
whose branches spread and subdivide to the growing twigs of 
present species. 

6. The change in organisms throughout geologic titne has been 
a progressive change. In the earliest ages the only animals and 
plants on the earth were lowly forms, simple and generalized in 
structure; while succeeding ages have been characterized by 
the introduction of types more and more specialized and com- 
plex, and therefore of higher rank in the scale of being. Thus 
the Algonkian contains the remains of only the humblest forms 
of the invertebrates. In the Cambrian, Ordovician, and Silurian 
the invertebrates were represented in all their subkingdoms by 
a varied faiuia. In the Devonian, fishes — the lowest of the 
vertebrates — became abundant. Amphibians made their entry 
on the stage in the Carboniferous, and reptiles came to rule the 
world in the Mesozoic. Mammals culminated in the Tertiary 
m strange forms which became more and more like those of the 
nresent as the long ages of that era roUed on ; and latest of all 

ypeared the noblest product oi the creative process, man. 



: 
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Just as growth is characteristic of the individual life, so 
^adual, progressive change, or evolution, has characterized the 
aistory of life upon the planet. The evolution of the organic 
kingdom from its primitive germinal forms to the complex and 
lighly organized fauna-flora of to-day may be compared to the 
rrowth of some noble oak as it rises from the acorn, spreading 
oftier and more widely extended branches as it grows. 

7. While higher and still higher types have continually been 
evolved, until man, the highest of all, appeared, the lower and 
arlier types have generally persisted. Some which reached 
»heir culmination early in the history of the earth have since 
changed only in slight adjustments to a changing environment. 
Thus the brachiopods, a type of shellfish, have made no prog- 
ress since the Paleozoic, and some of their earliest known genera 
ire represented by living forms hardly to be distinguished from 
:.heir ancient ancestors. The lowest and earliest branches of the 
:ree of life have risen to no higher levels since they reached 
their climax of development long ago. 

8. A strange parallel has been found to exist between the 
evolution of organisms and the development of the individual. 
In the embryonic stages of its growth the individual passes 
swiftly through the successive stages through which its ances- 
tors evolved during the millions of years of geologic time. 
Tlie development of the individual recapitulates the evolution 
of the race. 

The frog is a typical amphibian. As a tadpole it passes through a 
Htage identical in several well-known features with the maturity of 
fishes ; as, for example, its aquatic life, the tail by which it swims, and 
the gills through which it breathes. It is a fair inference that the tad- 
pole stage in the life history of the frog represents a stage in the evolu- 
tion of its kind, — that the Amphibia are derived from fishlike ancestral 
forms. This inference is amply confirmed in the geological record; 
ftshes appeared before Amphibia and were connected with them by 
transitional forms. 
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The great length of geologic time inferred from the slow 
change of species. life forms, like land forms, are thus subject 
to change \mder the mfluence of their changing environment and 
of forces acting from within. How slowly they change may be 
seen in the apparent stability of existing species. In the lifetime 
of the observer and even in the recorded history of man, species 
seem as stable as the mountain and the river. But life forms 
and land forms are alike variable, both in nature and still more 
under the shaping hand of man. As man has modified the face 
of the earth with his great engineering works, so he has pro- 
duced widely different varieties of many kinds of domesticated 
plants and animals, such as the varieties of the dog and the 
horse, the apple and the rose, which may be regarded in some 
respects as new species in the making. We have assumed that 
land forms have changed in the past imder the influence of 
forces now in operation. Assuming also that life forms have 
always changed as they are changing at present, we come to 
realize something of the immensity of geologic time required 
for the evolution of life from its earliest lowly forms up to man. 

It is because the onward march of life has taken the same 
general course the world over that we are able to use it as a 
universal time scale and divide geologic time into ages and 
minor subdivisions according to the rulmg or characteristic 
organisms then living on the earth. Thus, since vertebrates 
appeared, we have in succession the Age of Fishes, the Age of 
Amphibians, the Age of Reptiles, and the Age of Mammals. 

The chart given on page 295 is thus based on the law of 
superposition and the law of the evolution of organisms. The 
first law gives the succession of the formations in local areas. 
The fossils which they contain demonstrate the law of the pro- 
gressive appearance of organisms, and by means of this law the 
formations of different countries are correlated and set each in 
its place in a universal time scale and grouped together accord- 
ing to the affinities of their imbedded organic remains. 
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Geologic time diTisions compared with those of human history. We 
may compare the division of geoloj;ic time izito eras, periods, and other 
diTisions according to the dominant life of the time, to tiie ill-defined 
sgea into which human history is divided according to the dominance of 
Boma nation, ruler, or other characteriatic feature. Thus we speak of the 
Barh Ages, the Age of Elizabeth, and the Age of Electricity. These crude 
divisions would be of much value if, as in the case of geologic time, we 
liod no exact reckoning of human liistory by years. 

And aa the course of Jiuman history has flowed in an unbroken 
itream along quiet reaches of slow change and through periods of rapid 
change and revolution, so with the course of geologic history. Periods 
of quiescence, in which revolutionary forces are perhajis gathering head, 
alternate with periods of comparatively rapid elianga in physical geog- 
raphy and in organisms, when new and higher forms appear which serve 
to draw the bounciaiy line of new epochs. Nevertheless, geological iiis- 
tory is a continuous progress ; its periods and epochs shade into one 
another iiy imperceptible gradations, and all our subdivisions must needs 
lie vague and more or less arbitrary. 

How fossils tell of the geography of the past. Fossils are 
Used not only as a record of the development of life upon the 
earth, but also in testimony to the physical geography of past 
epochs. They indicate whether in any region the cUraate was 
tropical, temperate, or arctic Since species spread slowly from 
some center of dispersion where they originate until some barrier 
limits their migration farther, the occurrence of the same species 
in rocks of the same system in different countries impUes the 
absence of such barriers at the period. Thus in the collection 
of antarctic fossils referred to on page 294 there were shallow- 
Water marine shells identical in species with Mesozoic sheUa 
found in India and in the southern extremity of South America. 
Since such organisms are not distributed by the currents of the 
(Jeep sea and cannot migrate along its bottom, we infer a shal- 
Xow-water connection in Mesozoic times between India, South 
America, and the antarctic region. Such a shallow-water con- 
nection would he offered along the marginal shelf of a continent 
tmiting these now widely separated countriea. 



CHAPTEK XV 

THE PRE-CAMBRIAN SYSTEMS 

The earth's beginnings. The geological record does not tell 
us of the begmnings of the earth. The history of the planet, 
as we have every reason to believe, stretches far back beyond 
the period of the oldest stratified rocks, and is involved in the 
history of the solar system and of the nebula, — the cloud of 
glowing gases or of cosmic dust, — from which the sun and 
planets are believed to have been derived. 

The nebular hypothesis. It is possible that the earth began as a 
vaporous, shining sphere, formed by the gathering together of the 
material of a gaseous ring which had been detached from a cooling 
and shrinking nebula. Such a vaporous sphere would condense to a 
liquid, fiery globe, whose surface would become cold and solid, while 
the interior would long remain intensely hot because of the slow con- 
ductivity of the crust. Under these conditions the primeval atmosphere 
of the earth must have contained in vapor the water now belonging to 
the earth's crust and surface. It held also all the oxygen since locked 
up in rocks by their oxidation, and all the carbon dioxide which has since 
been laid away in limestones, besides that corresponding to the carbon 
of carbonaceous deposits, such as peat, coal, and petroleum. On this 
hypothesis the original atmosphere was dense, dark, and noxious, and 
enormously heavier than the atmosphere at present. 

The accretion hypothesis. On the other hand, it has been recently 
suggested that the earth may have grown to its present size by the 
gradual accretion of meteoritic masses. Such cold, stony bodies might 
have come together at so slow a rate that the heat caused by their 
impact would not raise sensibly the temperature of the growing planet. 
Thus the surface of the earth may never have been hot and luminous; 
but as the loose aggregation of stony masses grew larger and was more 
and more compressed by its o^'w ^Ta.v\ta.tion, the heat thus generated 
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lised the interior to high temperatures, while from time to time molten 
)ck was intruded among the loose, cold meteoritic masses of the crust 
ad outpoured upon the surface. 

It is supposed that the meteorites of which the earth was built 
•ought to it, as meteorites do now, various gases shut up within their 
)res. As the heat of the interior increased, these gases transpired to 
le surface and formed the primitive atmosphere and hydrosphere, 
he atmosphere has therefore grown slowly from the smallest begin- 
ngs. Gases emitted from the interior in volcanic eruptions and in 
her ways have ever added to it, and are adding to it now. On the 
her hand, the atmosphere has constantly suffered loss, as it has been 
bbed of oxygen by the oxidation of rocks in weathering, and of 
rbon dioxide in the making of limestones and carbonaceous deposits. 

While all hypotheses of the earth's beginnings are as yet 
iproved speculations, they serve to bring to mind one of the 
lief lessons which geology has to teach, — that the duration of 
16 earth in time, like the extension of the universe in space, is 
istly beyond the power of the human mind to realize. Behind 
16 liistory recorded in the rocks, which stretches back for 
any million years, lies the long unrecorded history of the 
jginnings of the planet ; and still farther in the abysses of the 
ist are dimly seen the cycles of the evolution of the solar 
^stem and of the nebula which gave it birth. 

We pass now from the dim realm of speculation to the earli- 
t era of the recorded history of the earth, where some certain 
cts may be observed and some sure inferences from them 
ay be drawn. 

The Archean 

The oldest known sedimentary strata, wherever they are 
iposed by uplift and erosion, are found to be involved with a 
Lass of crystalline rocks which possesses the same character- 
tics in aU parts of the world. It consists of foliated rocks, 
neisses, and schists of various kinds, which have been cut with 
ikes and other intrusions of molten rock, and \\5Ksi^ \><i<e^ 
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broken, crumpled, and crushed, and left in interlocking masses 
so confused that their true arrangement can usually be niade 
out only with the greatest difficulty if at alL The condidoQ 
of this body of crystalline rocks is due to the &ct that they 
have suffered not only from the &ultings, foldings, and igneous 
intrusions of their time, but necessarily, also, from those of all 
later geological ages. 

At present three leading theories are held as to the origin of 
these basal crystalline rocks. 

1. They are considered by perhaps the majority of the 
geologists who have studied them most carefully to be igneous 
rocks intruded in a molten state among the sedimentary rocks 
involved with thenL In many localities this relation is proved 
by the phenomena of contact (p. 268) ; but for the most part the 
deformations which the rocks have since suffered again and again 
have been sufficient to destroy such evidence if it ever existed. 

2. An older view regards them as profoimdly altered sedi- 
mentary strata, the most ancient of the earth. 

3. According to a third theory they represent portions of 
the earth's original crust ; not, indeed, its original surface, but 
deeper portions uncovered by erosion and afterwards mantled 
with sedimentary deposits. All these theories agree that the 
present foliated condition of these rocks is due to the intense 
metamorphism which they have suffered. 

It is to this body of crystalline rocks and the stratified rocks 
involved with it, which form a very small proportion of its 
mass, that the term Archean (Greek, arche, beginning) is ap- 
plied by many geologists. 

The Algonkian 

In some regions there rests unconformably on the Archean 
an immense body of stratified rocks, thousands and in places 
even scores of thousands of feet thick, known as the Algonkian. 
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Great unconformities divide it into well-defined systems, but as 
only the scantiest traces of fossils appear here and there among 
its strata, it is as yet impossible to correlate the formations of 
different r^ons and to give them names of more than local 
application. We will describe the Algonkian rocks of two tj^i- 
cal areas. 

The Grand Canyon of the Colorado. We have already studied 
a very ancient peneplain whose edge is exposed to view deep on 
the walls of the Colorado Canyon {nn\ Fig. 207). The formation 
of flat-lying sandstone which covers this buried land surface is 
proved by its f ossUs to belong to the Cambrian, — the earliest 
period of the Paleozoic era. The tUted rocks (h, Fig. 207) on 
whose upturned edges the Cambrian sandstone rests are far 
older, for the physical break which separates them from it 
records a time ioterval during which they were upheaved to 
mountainous ridges and worn down to a low plain. They are 
therefore classified as Algonkian. They comprise two immense 
series. The upper is more than five thousand feet thick and 
consists of shales and sandstones with some limestones. Sepa- 
rated from it by an unconformity which does not appear in 
Figure 207, the lower division, seven thousand feet thick, con- 
sists chiefly of massive reddish sandstones with seven or more 
sheets of lava interbedded. The lowest member is a basal con- 
glomerate composed of pebbles derived from the erosion of the 
dark crumpled schists beneath, — schists which are supposed to 
be Archean. As shown in Figure 207, a strong unconformity 
[mm\ Fig. 207) parts the schists and the Algonkian. The floor 
on which the Algonkian rests is remarkably even, and here 
again is proved an interval of incalculable length, during which 
an ancient land mass of Archean rocks was baseleveled before 
it received the cover of the sediments of the later age. 

The Lake Superior region. In eastern Canada an area of 
pre-Cambrian rocks, Archean and Algonkian, estimated at two 
million square miles, stretches from the Great "Lakfe«» ^tA'O^'^ 
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St. Lawrence Biver northward to the confines of 
the continent, inclosing Hudson Bay in the anna 
of a gigantic U- This immense area, whidive 
have already studied as the I^urentian peneplain 
(p. 89), extends southward across the Canadian ^ 
border into northern Minnesota, Wificoneiii, and 
Michigan. The rocks of this area are known to 
be pre-Cambrian ; for the Cambrian strata, whe^ 
ever found, lie unconformable upon them. 
^ The general relations of the formations of t^ 
-i, portion of the area which lies about Lake Supe- 
Pi rior are shown in Figure 262. Great unconformi- 
^ ties, uu', separate the Algonkdan both bm 
§■ the Archean and from the Cambrian, and divide 
'^ it into three distinct systems, — the Zowkt B%- 
^ ronian, the Upper Suronian, and the Kemt- 
S nawan. The Lower and the Upper Huronian 
_Q consist in the main of old sea muds and sande 
g and limy oozes now changed to gneisses, schists, 
g marbles, quartzites, slates, and other metamorpMc 
-- rocks. The Keweenawan is composed of immense 
g piles of lava, such as those of Iceland, overlain by 
o4 bedded sandstones. What remains of these rock 
'^ systems after the denudation of all later geo- 
£ logic ages is enormous. The Lower Huronian is 
more than a mile thick, the Upper Huronian more 
than two miles thick, while the Eeweenawan ex- 
ceeds nine miles in thickness. The vast length 
of Algonkian time is shown by the thickness 
of ita marine deposits and by the cycles of ero- 
sion which it includes. In Figure 262 the stu- 
dent may read an outline of the history of the 
Lake Superior region, the deformations which 
it suffered, their relative severity, the txias» 



THE PRE-CAMBRIAN SYSTEMS 309 

ivhen they occurred, and the erosion cycles marked by the 
successive unconformities. 

Other pre-Cambrian areas in North America. Fre-Cambrian 
rocks are exposed in various parts of the continent, usually by 
the erosion of mountain ranges in which their strata were 
infolded. Large areas occur in the maritime provinces of 
Canada. The core of the Green Mountains of Vermont is pre- 
Cambrian, and rocks of these systems occur in scattered patches 
in western Massachusetts. Here belong also the oldest rocks of 
the Highlands of the Hudson and of New Jersey. The Adi- 
rondack region, an outlier of the Laurentian region, exposes 
pre-Cambrian rocks, which have been metamorphosed and tilted 
by the intrusion of a great boss of igneous rock out of which 
the central peaks are carved. The core of the Blue Ridge and 
probably much of the Piedmont Belt are of this age. In the 
Black Hills the irruption of an immense mass of granite has 
caused or accompanied the upheaval of pre-Cambrian strata and 
metamorphosed them by heat and pressure into gneisses, schists, 
quartzites, and slates. In most of these mountainous regions 
the lowest strata are profoundly changed by metamorphism, and 
they can be assigned to the pre-Cambrian only where they are 
clearly overlain imconf ormably by formations proved to be Cam- 
brian by their fossils. In the Belt Mountains of Moirtana, how- 
ever, the Cambrian is underlain by Algonkian sediments twelve 
thousand feet thick, and but little altered. 

Mineral wealth of the pre-Cambrian rocks. The pre-Cam- 
brian rocks are of very great economic importance, because of 
their extensive metamorphism and the enormous masses of igne- 
ous rock which they involve. In many parts of the country 
they are the source of supply of granite, gneiss, marble, slate, 
and other such building materials. Still more valuable are the 
stores of iron and copper and other metals which they contain. 

At the present time the pre-Cambrian region about Lake 
Superior leads the world in the production of iron o\^^ n^'s* 
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output for 1903 being more than five sevenths of the entire 
output of the whole United States, and exceeding that of any 
foreign coimtry. The ore bodies consist chiefly of the led 
oxide of iron (hematite) and occur in troughs of the strata, 
underlain by some impervious rock. A theory held by many 
refers the ultimate source of the iron to the igneous rocks of 
the Archean. When these rocks were upheaved and subjected 
to weathering, their iron compounds were decomposed. Their 
iron was leached out and carried away to be laid in the Algon- 
kian water bodies in beds of iron carbonate and other iron 
compounds. During the later ages, after the Algonkian strata 
had been uplifted to form part of the continent, a second con- 
centration has taken place. Descending underground waters 
charged with oxygen have decomposed the iron carbonate and 
deposited the iron, in the form qf iron* o^de, in troughs 
of the strata where their downward process was arrested by 
impervious floors. 

The pre-Cambrian rocks of the eastern United States also are 
rich in iron. In certain districts, as in the Higlilands of New 
Jersey, the black oxide of iron (magnetite) is so abundant in 
beds and disseminated grains that the ordinary surveyor's com- 
pass is useless. 

The pre-Cambrian copper mines of the Lake Superior region 
are among the richest on the globe. In the igneous rocks copper, 
next to iron, is the most common of all the useful metals, and 
it was especially abundant in the Keweenawan lavas. After 
the Keweenawan was uplifted to form land, percolating waters 
leached out much of the copper diffused in the lava sheets and 
deposited it within steam blebs as amygdules of native copper, 
in cracks and fissures, and especially as a cement, or matrix, in 
the interbedded gravels which formed the chief aquifers of the 
region. The famous Calumet and Hecla mine follorws down the 
dip of the strata to the depth of nearly a mUe and works such 
n ancient conglomerate whose matrix is pure copper. 
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The appearance of life. Sometime during the dim ages pre- 
ceding the Cambrian, whether in the Archeaii or m the Algon- 
kiau we know not, occurred one of the most important eventa 
in the history of the eaith. Life appeared for the iirst time 
upon the planet. Oeolc^ has no evidence whatever to offer as 
to whence or how life came. All analogies lead us to believe 
that its ap|)earanc€ must have been sudden. Its earliest forms 
are unknown, but analogy suggests 
that as every living creature has 
developed from a single cell, ao the 
earliest oi^nisms upon the glolie 

— the germs from which all later 
life is supposed to have heen evoh ed 

— were tiny, unicellular masses of 
protoplasm, resembling the amceba 
of to-day in the simplicity of their 
structure. 

Such lowly forms were destitute 
of any hard parts and could lea\e 
no evidence of their existence in . 
the record of the rocks. And of ' 
their supposed descendants we find 
so few traces in the pre-Cambrian 
strata that the first steps in oi^ganic Fia. 2fi3. Successive Stages in 
evolution must be supplied from the nevelopmeni of the Ovum 
such analogies in embryology as the ^ ""^ *^^*""^ ^'^ 
following. The fertilized ovum, the eeR with which each ani- 
mal begins its life, grows and muItipHes by cell division, and 
develops into a hollow globe of cells called the blastosphere. 
This stage is succeeded by the stage of the gadnda, — an ovoid 
or cup-shaped body with a double wall of cells inclosing a 
body cavity, and with an opening, the primitive mouth. Each of 
these early embryological stages is represented by living ani- 
mals, — the undivided cell by the protozoa^ the bla^oaY'^iKt& ^"i 
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some rare f orms, and the gastrula in the essential stmctoie 
of the codenterates, — the subkingdom to which the fresh-water 
hydra and the corals belong. All forms of animal lif e» from 
the coelenterates to the mammals, follow the same path in Om 
embryological development as far as the gastrula stage, bul; 
here their paths widely diverge, those of each subkingdom going 
their own separate ways. 

We may infer, therefore, that during the pre-Cambrian periodB 
organic evolution followed the lines thus dimly traced. The 
earliest one-celled protozoa were probably succeeded by many- 
celled animals of the type of the blastosphere, and these by 
gastrula-like organisms. From the gastrula type the higher sub- 
divisions of animal life probably diverged, as separate branches 
from a common trunk. Much or all of this vast dififerentia- 
tion was accomplished before the opening of the next era; for 
all the subkingdoms are represented in the Cambrian except 
the vertebrates. 

Evidences of pre-Cambrian life. An indirect evidence of life 
during the pre-Cambrian periods is found in the abundant and 
varied fauna of the next period ; for, if the theory of evolution 
is correct, the differentiation of the Cambrian fauna was a long 
process which might well have required for its accomplishment 
a large part of pre-Cambrian time. 

Other indirect evidences are the pre-Cambrian limestones, 
iron ores, and graphite deposits, since such minerals and rocks 
have been formed in later times by the help of organisms. If the 
carbonate of lime of the Algonkian limestones and marbles was 
extracted from sea water by organisms, as is done at present by 
corals, mollusks, and other humble animals and plants, the 
life of those ancient seas must have been abundant. Graphite, 
a soft black mineral composed of carbon and used in the man- 
ufacture of lead pencils and as a lubricant, occurs widely in 
the metamorphic pre-Cambrian rocks. It is known to be pro- 
duced in some cases by the metamorphism of coal, which itself 
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is formed of decomposed vegetal tissues. Seams of graphite 
may therefore represent accumulations of vegetal matter such 
as seaweed. But limestone, iron ores, and graphite can be pro- 
duced by chemical processes, and their presence in the pre- 
Cambrian makes it only probable, and not certain, that life 
existed at that time. 

Pre-Cambrian fossils. Very rarely has any clear trace of an 
organism been found in the most ancient chapters of the geo- 
logical record, so many of their leaves have been destroyed and so 
far have their pages been defaced. Omitting structures whose 
organic nature has been questioned, there are left to mention a 
tiny seashell of one of the most lowly types, — a Discina from 
the pre-Cambrian rocks of the Colorado Canyon, — and from the 
pre-Cambrian rocks of Montana trails of annelid worms and 
casts of their burrows in ancient beaches, and fragments of the 
tests of crustaceans. These diverse forms indicate that before 
the Algonkian had closed, life was abundant and had widely 
differentiated. We may expect that other forms will be dis- 
covered as the rocks are closely searched. 

Pre-Cambrian geography. Our knowledge is far too meager 
to warrant an attempt to draw the varying outlines of sea and 
land during the Archean and Algonkian eras. Pre-Cambrian 
time probably was longer than all later geological time down 
to the present, as we may infer from the vast thicknesses of its 
rocks and the unconformities which part them. We know that 
during its long periods land masses again and again rose from 
the sea, were worn low, and were submerged and covered with 
the waste of other lands. But the formations of separated 
regions cannot be correlated because of the absence of fossils, 
and nothing more can be made out than the detached chapters 
of local histories, such as the outline given of the district about 
Lake Superior. 

The pre-Cambrian rocks show no evidence of any forces then 
at work upon the earth except the forces w\nc\i ^\^ ^ ^^^ 
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upon it now. The most ancient sediments known are so like 
the sediments now being laid that we may infer that they were 
formed under conditions essentially smular to those of the 
present time. There is no proof that the sands of the pre- 
Cambrian sandstones were swept by any more powerful waves 
and currents than are offshore sands to-day, or that the muds 
of the pre-Gambrian shales settled to the sea floor in less quiet 
water than such muds settle in at present The pre-Cambrian 
lands were, no doubt, worn by wind and weather, beaten by rain, 
and furrowed by streams as now, and, as now, they fronted the 
ocean with beaches on which waves dashed and along which 
tidal currents ran. 

Perhaps the chief difference between the pre-Cambrian and 
the present was the absence of life upon the land. So far as we 
have any knowledge, no forests covered the mountain sides, no 
verdure carpeted the plains, and no animals lived on the ground 
or in the air. It is permitted to tliink of the most ancient lands 
as deserts of barren rock and rock waste swept by rains and 
trenched by powerful streams. We may therefore suppose that 
the processes of their destruction went on more rapidly than at 
present. 



CHAPTEE XVI 
THE CAMBRIAN 

The Paleozoic era. The second volume of the geological 
record, called the Paleozoic (Greek, palaios, ancient ; zoe, life), 
has come down to us far less mutilated and defaced than has 
the first volume, which contains the traces of the most ancient 
life of the globe. Fossils are far more abundant in the Paleo- 
zoic than in the earlier strata, while the sediments in which 
they were entombed have suffered far less from metamorphism 
and other causes, and have been less widely buried from view, 
than the strata of the pre-Cambrian groups. By means of their 
fossils we can correlate the formations of widely separated 
regions from the beginning of the Paleozoic on, and can there- 
fore trace some outline of the history of the continents. 

Paleozoic time, although shorter than the pre-Cambrian as 
measured by the thickness of the strata, must still be reckoned 
in millions of years. During this vast reach of time the changes 
in organisms were very great. It is according to the successive 
stages in the advance of life that the Paleozoic formations are 
arranged in five systems, — the Cambrian, the Ordovician, the 
Silurian, the Devonian, and the Carhoniferoits. On the same 
basis the first three systems are grouped together as the older 
Paleozoic, because they alike are characterized by the dominance 
of the invertebrates ; while the last two systems are united in 
the later Paleozoic, and are characterized, the one by the domi- 
nance of fishes, and the other by the appearance of amphibians 
and reptiles. 

Each of these systems is world-wide in its distribution, and 
may be recognized on any continent by its oww ^^o^xsiVvax l^scox^a.. 

316 
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The names first given them in Great Britain have therefcm 
come into general use, while their subdivisions, which often 
cannot be correlated in different countries and different r^ons, 
are usually given local names. 

The first three systems were named from the fact that their strata 
are well displayed in Wales. The Cambrian carries the Roman name 
of Wales, and the Ordovician and Silurian the names of tribes of 
ancient Britons which inhabited the same country. The Devonian is 
named from the English county Devon, where its rocks were early 
studied. The Carboniferous was so called from the large amount of 
coal which it was found to contain in Great Britain and continental 
Europe. 



The Cambrian 



f 



A 



Distribution of strata. The Cambrian rocks outcrop in narrow 
belts about the pre-Cambrian areas of eastern Canada and the 
Lake Superior region, the Adirondacks and the Green Mountains. 
Strips of Cambrian formations occupy troughs in the pre-Cam- 
brian rocks of New England and the maritime provinces of 
Canada; a long belt borders on the west the crystalline rocks of '. 
the Blue Kidge ; and on the opposite side of the continent the H 
Cambrian reappears in the mountains of the Great Basin and the 
Canadian Kockies. In the Mississippi valley it is exposed in 
small districts where uplift has permitted the stripping off of 
younger rocks. Although the areas of outcrop are small, we 
may infer that Cambrian rocks were widely deposited over the 
continent of North America. 

Physical geography. The Cambrian system of North Amer- 
ica comprises three distinct series, the Lower Cambrian, the 
Middle Cambrian^ and the Upper Cambrian, each of which is 
characterized by its own peculiar fauna. In sketching the out- 
lines of the continent as it was at the beginning of the Paleozoic, 
it must be remembered that wherever the Lower Cambrian 
formations now are foiuid was certainly then sea bottom, and 
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/er the Lower Cambrian are wanting, and the next fonna- 
3St directly on pre-Cambnan rocks was probably then land, 
[y Cambrian geography In this way we know that at 
ening of the Cambrian two long narrow mediterranean 

retched from north to south across the contment The 
I sea extended from the Gulf of St Lawrence down the 
)lain-Hudson 

and thence 

the western 
.f the Blue 
•■ south at 
to Alabama, 
western sea 
led from the 
ian Rockies 

the Great 
and at least 
south as the 
d Canyon of 
olorado in 
a, 

■ween these 
^rraneans lay 




Fig. 264. Hypothetical Map of Eastern North 

America at the Beginning of Cambrian Time 

Dniibaded areas, probable land 



: central land 

included the 

imbrian U- 

l area of the 

itian peneplain, and probably extended southward to the 

e of New Orleans. To the east lay a land which we may 

ate as Appalackia, whose western shore line was drawn 

the site of the present Blue Ridge, but whose other limits 

ite unknown. The land of Appalachia must have been 

or it furnished a great amount of waste during the entire 

oic era, and its eastern coast may possibly have lain, cve,^ 
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beyimd the edge of the present oontineiital ahdl On the wvA- 
em side of the continent a nanoir land oocnpied tlie site of dis^ 
SieiTa Nevada Mountains. 

Thus, even at the beginning of the Fdeoaoic^ the continffllJ^ 
I^bteau of North America had already been left by crastal inovB- 
ments in relief above the abysses of the great oceans on ate^ 
side. The mediterraneans which lay upcm it woe shaUow, m 
their sediments prova They were epieomimemial seas; that i^ 
they rested upon (Greek, ejn) the submerged porticm of the oon- 
tinental plateau. We have no proof that the deep ocean ever 
occupied any part of where North America now i& 

The Middle and Upper Cambrian strata are found togelto 
with the Lower Cambrian over the area of both the eastOB 
and th^ western mediterraneans, so that here the sea ccmtm- 
ued during the entire period. The sediments throughout aie 
those of shoal water. Coarse cross-bedded sandstones record 
the action of strong shifting currents which spread coarse waste 
near shore and winnowed it of finer stuff. Frequent ripple 
marks on the bedding planes of the strata prove that the loose 
sands of the sea floor were near enough to the surface to be 
agitated by waves and tidal currents. Sun cracks show that 
often the outgoing tide exposed large muddy flats to the dr}*iiig 
action of the sun. The fossils, also, of the strata are of kinds 
related to those which now live in shallow waters near the 
shore. 

Tlie sediments which gathered in the mediterranean seas 
were very thick, reaching in places the enormous depth of ten 
thousand feet. Hence the bottoms of these seas were sinking 
troughs, ever filling with waste from the adjacent land as fast 
as they subsided. 

Late Cambrian geography. The formations of the Middle 
and Upper Cambrian are found resting unconformably on the 
pre-Cambrian rocks from New York westward into Minnesota 
and at various points in the interior, as in Missouri and in 
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Xexas. Hence after earlier Cambrian time the central land sub- 
aided, with, much the same effect as if the Mississippi valley 
^ere now to lower gradually, and the Gulf of Mexico to spread 
Qorthward until it entered Lake Superior. The Cambrian seas 
liransgressed the central land and strewed far and wide behind 
bheir advancing beaches the sediments of the later Cambrian 
upon an eroded surface of pre-Cambrian rocks. 

The succession of the Cambrian formations in North America 
records many minor oscillations and varying conditions of 
physical geography ; yet on the whole it tells of widening seas 
and lowering lands. Basal conglomerates and coarse sandstones 
which must have been laid near shore are succeeded by shaly 
sandstones, sandy shales, and shales. Toward the top of the 
series heavy beds of limestone, extending from the Blue liidge 
bo Missouri, speak of clear water, and either of more distant 
shores or of neighboring lands which were worn or sunk so 
low that for the most part their waste was carried to the sea 
in solution. 

In brief, the Cambrian was a period of submergence. It 
began with the larger part of North America emerged as great 
land masses. It closed with most of the interior of the con- 
tinental plateau covered with a shallow sea. 

The Life of the Cambrian Period 

It is now for the first time that we find preserved in the 
offshore deposits of the Cambrian seas enough remains of ani- 
mal life to be properly called a fauna. Doubtless these remains 
are only the most fragmentary representation of the Hfe of the 
time, for the Cambrian rocks are very old and have been widely 
metamorphosed. Yet the five hundred and more species already 
discovered embrace all the leading types of invertebrate life, and 
are so varied that we must beheve that their lines of descent 
stretch far back into the pre-Cambrian past. 
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Plants. No ramaiBa ol plants liavB been found in Cambrian 
strata, except some doubtful markings, as of seaweed. 

Sponges. T}ie sponges, the loveat 
of the multioellolar »piinitin, weie 
iqnesented by serentl orders. TUm 
f oesilB are recognized by the oli- 
C80UB spcules, which, as in modan 
sponges, either were scattered 
through a mass of homy fibers oi 
were coimected in a flinty tranw- 
work. 

Ccelenterates. This BubkingdoiD 
Deludes two classes of ii 
Microscope the geologist, — the Hydrozoa, Budi 

as the fresh-water hydra and the jetlyiiah, and the coraU. Both 
classes existed in the Cambrian. 

The Hydrozoa were represented not only by iellyfiah but 
also by the graptoHte, which takes its name from a fancied 



^ 
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resemblance of some of its forms to a quill pea. It was a com- 
posite animal with a homy framework, the individuals of the 
colony living in cells strung on one or both aides along a hollow 
stem, and communicatit^ by means of a common flesh in this 
central tube. Some graptolites were straight, and some curved 
or spiral ; some were single stemmed, and others consisted of 
several radial stems united. GraptoUtes occur but rarely in 
the Upper Cambrian. In the Ordovician and Silurian they are 
very plentiful, and at 
the close of the Silurian 
they pass out of exist- 
ence, never to return. 

Corals are very rarely 
found in the Cambrian, 
and the description of 
their primitive types is 
postponed to later chap- 
ters treating of periods 
when they became more 
numerous. 

Echiaoderms. This 
subkiugdom comprises 
at present such famihar ^"*' ^''T- CystoidB, o 
forms as the crinoid, the '"^" ^ "^ 

starfish, and the sea urchin. The structure of eehinoderms is 
radiate. Their int^ument is hardened with plates or particles 
of carbonate of lime. 

Of the free eehinoderms, such as the starfish and the sea urchin, 
the former baa been found in the Cambrian rocks of Europe, 
but neither have so far been discovered in the strata of this 
period in North America, The stemmed and lower division of 
the eehinoderms wits represented by a primitive type, the 
cystoid, so called from its saclike form. A small globular or 
ovate "calyx" of calcareous plates, with an a^wttuw ^ \Joa 




le showing Two Rudi- 
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top for the mouth, inclosed the body of the animal, and was 

attached to the sea bottom by a short flexible stalk consisting 
of disks of carbonate of lime held tt^ether by a central hgament 
Arthropods. These segmented animals with " jointed feet," 
aa their name suggests, may be divided in a general way into 
water breathers and air breathers. The first-named and lower 
division comprises the class of the Crustacea, — arthropods 
protected by a hard exterior skeleton, or " crust," — of which 
crabs, crayfish, and lobsters are familiar examples. Tlie higher 




divisiiui, tbat of the air breiithers, includes the following el 
spiders, si'.{ir]>ioiis, ceriti[)edes, iind insects. 

The trilobite. The aquatic arthropods, the Crustacea, culmi- | 
oated liefore tlie air hi'eathers ; and wliile none of the latter are I 
found in the Cambrian, the former were the dominant hfe of ■ 
the time in numbers, in size, and in tlie variety of their forms. 
The leading cnista<«iin tyi>e is the trilobite, which takes its 
name from the three lobes into which its shell is divided loDgi- 
tudiually. There are also three cross di™ions. — the head shield, . 
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the tail shield, and between the two the thorax, consisting of a 
number of distinct and unconsolidated segments. The head 
shield carries a pair of large, crescentic, compound eyes, like 
those of the insect. The eye varies greatly in the number of its 
lenses, ranging from fourteen in some species to fifteen thousand 
in others. Figure 268, (7, is a restoration of the trilobite, and 
shows the appendages, which are found i)reserved only in the 
rarest cases. 

During the long ages of the Cambrian the trilobite varied 
greatly. Again and again new species and genera appeared, 
while the older types became extinct. For this reason and 
because of their abundance, trilobites are used in the classifica- 
tion of the Cambrian system. The Lower Cambrian is charac- 
terized by the presence of a trilobitic fauna in which the genus 
Olenellus is predominant. Tliis, the Ole- 
TiellTis Zone, is one of the most important 
platforms in the entire geological series ; 
for, the world over, it marks the begin- 
ning of Paleozoic time, while all under- 
lying strata are classified as pre-Cam- ^^ . o^g 
l)rian. The Middle Cambrian is marked 

by the genus Paradoxides, and the Upper Cambrian by the 
genus Olenus. Some of the Cambrian trilobites were giants, 
measuring as much as two feet long, while others were the 
smallest of their kind, a fraction of an inch in length. 

Another type of crustacean which lived in the Cambrian and 
^hose order is still living is illustrated in Figure 269. 

Worms. Trails and burrows of worms have been left on 
the sea beaches and mud flats of all geological times from the 
Algonkian to the present. 

Brachiopods. These soft-bodied animals, with bivalve shells 
and two interior armlike processes which served for breathing, 
appeared in the Algonkian, and had now become very abundant. 
The two valves of the bracliiopod shell are unequal in aiz^i, ^\?s.^ 
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in each valve a line drawn from the beak to the base divides 

the valve into two equal parte (Fig. 270). It may thus be told 
from the pelecypod molltisk, such us 
tlie clam, whose two valves are not far 
from equal in size, each being divided 
into unequal parts by a line dropped 
from the beak (Fig. 272). 

Brachiopods include two orders. In 
the most primitive order — - that of the 

inartieidate brachiopods — the two valves are held together 

only by muscles of the animal, and the shell is horny or 

composed of phosphate of lime. Tlie DUcina, which began 

the Algonkian, is of thia tj-pe, 

also the MngvJella of the Cambrian 

(Fig. 271). Both of these genera 

have lived on during the millii 

of years of geological time since 

their introduction, handing down 

from generation to generation with 

hardly any change to their descend- 



' off c 



lie iJiscina, wtucn Degan m 



ici, 27L Cambrian Inarticu- 
late Brachiopods 
A, Lingulella; B, Disclna 
■: shores the characters impressed upon 



ants now 

them at the beginning. 

The more highly organized articulate braehiopodB have 
valves of carbonate of lime more securely joined by a hinge 
with teeth and sockets (Fig. 270). In the 
Cambrian the inarticulates predominate, 
though the articulates grow common 
toward the end of the period. 

MoUusks. The three chief classes of 
raolluska — ths pelecypods (represented by 
the oyster and clam of to-day), the jwftw- 
pods (represented now by snails, conches, and penwinkles)^ and 
the cephalopoda (sucli aa the nautilus, cuttlefish, and squids)— 
were all represented in t\\fc (.^iimbnaji, aitUough very spaiin^y- 




Fig. 272. A Cambrian 
Pelecypod 
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Pteropods, a suborder of the gaHtro];K»ds, appeared in this age. • 
Their papery shells of carlmnate of lime are found in great num- 
bers from tliiB time on. 




Gastropods, (Jrdovician Species 
Cephalopoda, the most highly organized of the moUusks, started 
ioto existence, so far as the record shows, toward the end of 
the Cambrian, with the 
long extinct Orthocero 
(straighthom) and th 
allied generi of il 
family. The Orth jcers 
had a long, straight ai 
tapering shell div i I 
by cross partitions i 
chambers. The aniu 1 
lived in the Lo Ij 
chamber" at the lii^r 
end, and walled off the 
other chambers from it 
in euccession duiing the growth of the shelL A central taba. 




Fig. 274. Cambrian Pteropwla 
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* the aiphunde (s, Fig. 275, B), passed through from the bod}' 
chamber to the closed tip of the cone. 

©.-■., . The seashells, both brachiopoda 

^ ■j^l'/j ■'" '"^'^ molluska, are in some respeds 
the most important to the geoli^ist 

it/t^ fl^£: T"^^^ "^ ^ fossils. They have been so 
■9 R^kI '^1 numerous, so widely distributed, 
W^k KS^a-i^ ^'"^ ^ ^^'^ preserved because of 
^^3 ^^^P^^^1\ their durable shells and their 
station iu growing sediments, that 
better than any other group ot 
oi^anisms they can be used to coi- 
relate the strata of different r^ons 
and to mark by their alow changes 
the advance of geological tima 

Climate. The life of Cambrian 
times in different countries con- 
tains IK) suggestion of any marked 
climatic zones, and as in later periods a warm climate probably 
reached to the polar regioua. 




:. 276. Orthoceras 
nisliell; II, i 



CHAPTEE XVII 
THE ORDOVICIAN ^ AND SILURIAN 

The Ordovician 

111 North America the Ordovician rocks lie conformably on 
3 Cambrian. The two periods, therefore, were not parted by 
y deformation, either of mountain making or of continental 
lift. The general submergence which marked the Cambrian 
atinued into the succeeding period with little interruption. 
Subdivisions and distribution of strata. The Ordovician 
ies, as they have been made out in New York, are given for 
'ereiice in the following table, with the rocks of which they 
) chiefly composed : 

5 Hudson sliales 

4 Utica shales 

3 Trenton limestones 

2 Chazy limestones 

1 Calciferous sandy limestones 

These marine formations of the Ordovician outcrop about the 
mbrian and pre-Cambrian areas, and, as borings show, extend 
and wide over the interior of the continent beneath more 
-ent strata. The Ordovician sea stretched from Appalachia 
'OSS the Mississippi valley. It seems to have extended to 
Ufornia, although broken probably by several mountainous 
mds in the west. 

Physical geography. Tlie pliysical liistory of the period is 
Jorded in the succession of its formations. The sandstones of 
3 Upper Cambrian, as we have learned, tell of a transgressing 

1 Often knowu as tlie Lower Siluiiaix. 

327 
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sea which gradu&lly came to occupy the MissiBaippi valley and 
Uie intehor of North America. The HmeBtonea of the early and 
middle Ordovidan show that now the shore had become remote 
and the lands had become more low. The waters now had 
cleared. Colonies of brachiopods and other lime-secreting am- 
mala occupied the sea bottom, and their d£bris mantled it with 
aheeta of limy ooze. The sandy limestones of the Oalciferoiu 
record the transition 
stage from the Cam- 
hrian when some Banil 
was still brought in 
from shore. The highly 
fosailiferous llmestonee 
of the Trenton tell of 
clear water and abun- 
dant lifa We need not 
regard this epiconti- 
nental sea as deep. No 
abysmal deposits have 
been found, and the 
limestones of the period 
are those which would 
be laid in clear, warn 
water of moderate 
Shaded areas, probable sea; broken lines, ap- depth like that of 
proximttte shore linea , ' , 

modem coral seas. 

The shales of the Utica and Hudson show that the waters of 
the sea now became clouded with mud washed in from land. 
Either the land was gradually uphfted, or perhaps there had 
arrived one of thoae periodic crises which, aa we may imagiiw, 
have taken place whenever the crust of the shrinking earth bu 
slowly given way over its great depressions, and the ocean has 
withdrawn its waters into deepening abysses. The land w»s 
tbaa letb relatively h^hei and bordered wi^ new coastal plains- 
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The epicontiiieutal sea was shoaled and narrowed, and muds 
were washed iu from the adjacent lands. 

The Taconlc deformation. The Ordovician was closed by a 
deformation whose extent and severity are not yet known. 
From the St. Lawrence Eiver to New York Bay, along the 
northwestern and western bolder of New England, lies a belt of 
Camhrian- Ordovician rucks more than a mile in total thickness, 
which accumulated dming the long ages of those periods in a. 
gradually subsiding trough between the Adirandacks and a pre- 
Cambriau range IjTiig west of the Connecticut Kiver, But since 
their deposition these ancient sediments have been cnimpled 
and crushed, broken with great faults, and extensively metamor- 
phosed. The hmestones have recrystallized into marbles, among 
them the famous marbles of Vermont ; the Cambrian sandstones 
have become quaitzites, and the Hudson shale has been changed 
to a schist exposed on Manhattan Island and northward. 

In part these changes occurred at the close of the Ordovician, 
for in several places beds of Silurian age rest uneouformably on 
the upturned Ordovician strata ; but recent investigations have 
made it probable that the crustal movements recurred at later 
times, and it was perhaps in the Devonian and at the close of 
the Carboniferous that the greater pait of the deformation and 
raetamorphisra was accomplished. As a result of these move- 
ments, — perhaps several times repeated, — a great mountain 
rai^ was upridged, which has been long since leveled by ero- 
sion, but whose roots are now visible in the Taconic Mountains 
of western New I 



The Cincinnati anticline. Over an oval area in Ohio, Indiana, and 
Kentucky, whose longer axis extends from north to south through 
Cincinnati, the Ordovician strata rise in a very low, broad swell, called 
the Cincinnati anticline. The Silurian and Devonian strata thin out aa 
they approach this area and seem never to have deposited upon it. We 
inay regard it, therefore, as an island upwarped from the sea at the 
doee of the Ordovician or shortly after. 
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Petroleum and natural ga& These valuable illuminaDtfi and 
fuels are considered here becauee, although they are foond in 
tracea in older strata, it is in the Ordovician that they occiu 
for the first time in large quantities. They range throughout 
later formations down to the most recent. 

The oil horizons of Califomi& and Texas are Tertiaiy ; thooe of Col- 
orado, Cretaceous; those of West' Virginia, Carboniferous; those of 
PennsflTania, Kentucky, and Canada, Devonian ; and the large fi«U 
of Ohio and Indiana belongs to the Ordovician and higher ^tems. 

Petroleum and natural gas, wherever found, have probably 
originated from the decay of organic matter when buried in 
sedimentary deposits, just as at present in swampy places the 
hydrogen and carbon of decaying vegetation combine to form 
marsh gas. Tfie light and heat of these hydrocarbons we may 
think of, therefore, a-s a gift to the civilized life of our race from 
the humble oiganisms, both 
■~^^^^^^ animal and vegetable, of the 
remote past, whose retnalus 
were entombed in the sedi- 
ments of the Ordovician and 
later geological ages. 
tViii- Petroleum is veiy widely 
' 'II"' disseminated throughout 
the stratified rocks. Certain 
(, the limestones are visibly greasy 
with it, and others give off 
its chnractei'Lstic feLid odor when struck with a hammer. Many 
shales are bituminous, and some are so highly charged that 
small flakes may be lighted like tapers, and several gallons of 
oil to the tun may be obtained by distillation. 

But oil and gas are found m paying quantities only when eer- 
tain conditions meet : 

1. A source below, usually a bituminous shale, from whose 
organic matter they liave been derived by slow chai^& 
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2. A reservoir above, iii which they have gathered. This is 
^ther a porous sandBtone or a porous or creviced Uiueatone, 

3. Oil and gas are hghter than water, and are usually under 
pressure owing to artesian water. Hence, in order to hold them 
from escaping to the surface, the reservoir must have the shape 
of an anticline, dome, or Uns. 

4. It must also have an impervious cover, usually a shale. 
In these reservoirs gas is under a pressure which is oft«n 

enormous, reaching in extreme cases aa high as a thousand five 
hundred pounds to the square inch. When tapped it rushes 
out with a deafening roar, sometimeJi flinging the hea%-y drill 
h^h in air. In accounting for this pressure we must rememher 
that the gas hits been compressed within the pores of the reser- 
voir rock by artesian water, and in some cases also by its own 
expansive force. It is not imcommon for aitesian water to rise 
in wells after the exhaustion of gaa and oil. 



1 



Life of the Ordovir.inn 

During the ages of the Ordovieian, life nmde great advances. 
Types already present branched widely into new genera and 
species, and new and higher 
types appeared. 

Sponges continued from 
the Cambrian. GraptoUtes 
now reached their climax. 

Stromatopora — colonies 
of luinute hydrozoans allied 
to corals — grew in places 
on the sea floor, secreting 




atony maisnes composei 
thin, close, concentric 1 



of 



Fiii. 278. StmmaUipora 



connected by vertical rods. The 
Stromatopora are among the chief limestone budders of tlie 
Silurian and Devonian periods. 
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Corals developed along several distdnct lines. 
Like modem corals they secreted a calcareoos 
framework, in whose outer portions the polyps 
lived. In the Ordovidan, corals were represented 
chiefly by the family of the Chastetes, all species 
of which are long since extinct The description 
of other types of corals will be given under the 
Silurian, where they first became abundant 

Echinoderms. The cystoid reaches its climax, but 
there appear now two higher types of echinoderms, 
— the crinoid and the starfish. The crinaid, named 
from its resemblance to the lUy, is like the cystdd 
in many respects, but has a longer stem and sup- 
ports a crown of plumose arms. Stirring the water 
with these arms, it creates currents by which pa^ 
tides of food are wafted to its mouth. Crinoids aie 
rare at the present time, but they grew in the 
greatest profusion in the warm Ordovician seas and 
for long ages thereafter. In many places the sea 
floor was beautiful with these graceful, flowerlike 
forms, as with fields of long-stemmed Ulies. Of the 
higher, free-moving classes of the echinoderms, star- 
fish are more numerous than in the Cambrian, and 
sea urchins make their appearance in rare ar- 
chaic forms. 

Crustaceans. Trilobites now reach their great- 
est development and more than eleven hundred 
species have been described from the rocks of 
this period. It is interesting to note that in 
many species the segments of the thorax have 
now come to be so shaped that they move freely 
on one another. Unlike their Cambrian ances- 
tors, many of the Ordovician trilobites could 
279 C i d ^^^ themselves into balls at the approach of 
•niasic Species danger. It, \a m >iJc5^ ^XXkW^^, \5&R3ft. et the 
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approach of death, that trilobites are often found in the Ordo- 
vician and later rocks. Tlie gigantic crustaceans called the 
euryjiterida were also present in this 
period (Fig. 282). 




Eurypterus 

The arthropods had now seized upon the land. Centipedes 
and insects of a low type, the earliest known land aniiuals, have 
been discovered in strata of thia syatem. 

Bryozoans. No fossils are more common 
in the limestones of the time than the small 
branching stems and lacelike mats of the 
bryozoans, — the skeletons of colonies of a 
minute animal allied in structure to the 
hrachiopod. 

Brachiopods. These multiplied greatly, 
and in places their shells formed thick beds of coqiiina Tliey 
still greatly surpassed the mollusks in numbers. 





Fir 284 OrtljTician Brichiopoda 

Cephalopods. Among the molluaks we rauat note the evolu- 
tion of the cepbalupuih The [jiimiti\e sttaigAit Civflau-je^w. V'asi. 
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t become abuudoiit. But in ailditioii to this ancestral type 
there appears a succession of forms iiinrc ami more curved and 
closely coiled, as 
illustrated in Figure 
285. Tlie nautilus, 
which began its 
course in tLis 
period, crawls on 
the iKJttom of onr 
present seas. 

Vertebrates. The 
most important 

Fio. 285. A, Cyrtocera.s ; B, Trochoceraa ; record of the (Mo- 

C, l.ituiies vician ia that of the 

appearance of a new and higher type, with possibilities of 
development lying hidden in its structure that the molluali 
and the insect could never hope to reach. Scales and plates 
of minute fishes found in the Ordovician rocks near Caflnn 
City, Colorado, show that the hum- 
blest of the vertebrates had already 
made ite appearance. But it is prob- 
able that vertebrates had been on 
the earth for ages before this in 
lowly types, which, being destitute 
of hard parta, would leave no record. 

TilE SlLDiaAN 

Tlie naiTowiiig nf the seas and the 
emei^ence of tile lauds which cliar- 
acterized the closing epoch of the 
Ordovician in eaeturn North America ' * " 

continue into the succeeding period of the SOurian. New s 
cdes ap2>ear and many old species now become extinct 
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The Appalachian region. Where tlie Silurian system is most 
fully developed, from New York southward along the Appala- 
chian Mountams, it compiises four series : 

4 Salina ... shales, impure Hmestones, gypsum, salt 

3 Niagara . . . chiefly limestones 

2 Clinton . . . sandstones, shales, with some limestones 

1 Medina . . . conglomerates, sandstones 

The rocks of these series are shallow-water deposits and 
reach the total thickness of some five thousand feet. Evidently 
they were laid over an area which was on the whole gradually 
subsiding, although with various gentle o.scillations which are 
recorded in the different formations. The coarse sands of the 
heavy Medina formations record a period of uplift of the old- 
land of Appalachia, when erosion went on rapidly and coarse 
waste in abundance was brouf^ht down from tlie hills bv swift 
streams and spread by the waves in wide, sandy flats. As the 
lands were worn lower the waste became finer, and during 
an epoch of transition — the Clinton — there were deposited 
various formations of sandstones, shales, and limestones. The 
Niagara limestones testify to a long epoch of repose, when low- 
lying lands sent little waste down to the sea. 

The gypsum and salt deposits of the Salina show that toward 
the close of the Silurian period a slight oscillation brought the, 
sea floor nearer to the surface, and at the north cut off exten- 
sive tracts from the interior sea. In these wide lagoons, which 
now and then regained access to the open sea and obtained new 
supplies of salt water, beds of salt and gypsum were deposited 
as the briny waters became concentrated by evaporation under 
a desert climate. Along with these beds there were also laid 
shales and impure limestones. 

In New York the " salt pans " of the Salina extended over an area 
one hundred and fifty miles long from east to west and sixty miles wide, 
and similar salt marshes occurred as far west as Clevelaud, 0\!L\a, ^w^S. 



886 THE ELEMENTS OF GEOLOGY 

Groderich on Lake Huron. At Ithaca, New York, the aeries is fifteen hun- 
dred feet thick, and ia buried beneath an equal thickness of later strata. 
It includes two hundred and fifty feet of solid salt, in several disidnct 
beds, each sealed within the shales of the series. 

Would you expect to find ancient beds of rock salt inclosed in beds 
of pervious sandstone ? 

The salt beds of the Salina are of great value. They are reached by 
well borings, and their brines axe evaporated by solar heat and by boil- 
ing. The rock salt is also mined from deep shafts. 

Similar deposits of salt, formed under like conditions, occur in the 
rocks of later systems down to the present. The salt beds of Texas are 
Permian, those of Kansas are Permian, and those of Louisiana are 
Tertiary. 

The Mississippi valley. The heavy near-eihore formations of 
the Silurian in the Appalachian region thin out toward the west 
The Medina and the Clinton sandstones are not found west of 
Ohio, where the first passes into a shale and the second into a 
limestone. The Niagara limestone, however, spreads from the 
Hudson Eiver to beyond the Mississippi, a distance of more than 
a thousand miles. During the Silurian period the Mississippi 
valley region was covered with a quiet, shallow, limestone- 
making sea, which received little waste from the low lands 
which bordered it. 

The probable distribution of land and sea in eastern North 
America and western Europe is shown in Figure 287. The 
fauna of the interior region and of eastern Canada are doeelj 
allied with that of western Europe, and several speciea aie 
identical. We can hardly account for this except by a shallow- 
water connection between the two ancient epicontinental seas. 
It was perhaps along the coastal shelves of a northern land con- 
necting America and Europe by way of Greenland and Iceland 
that the migration took place, so that the same species came to 
live in Iowa and in Sweden. 

The western United States. So little is found of the rocks of 
the sjstem west of the Missouri Eiver that it is quite probable 
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that the western part of the United States had for the most 
part emerged from the sea at the rloae of the Ordtvician and 




Fic. 287. Hypothetical Miip of ParM of North America and 
F.un)])t ill SilurUii Time 

cs, approximate 



remamed land diinng the Silunan At the same time the 
WL^teiu 1 ]il \\ 1 1 il ii iiiieiteil witli the eastern land of 
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FtG. 288. A Compound Cnp Cora! 

Appalachia across Arkansas and Mississippi ; for toward the 
south the Silurian sediments indicate an ap^toach. to a'asKa, 
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Life of the Silurian 

Til this brief sketcli it is quite impossible Ui relate the mmj * 
ohanges of species and genera during the Silurian. 

Corals. Some of the more common types are familiarij 
known as cup corals, honeycomb I'uralft, a.inl fliain corals. In 




■i\iCi. Jlfiiieycnmh Corals 



the cup corals the most important feature is the development 
of radiating vertical partitions, or septa, in the cell of the polj'ii 
Some of the cup corals grew in liemiapherical colonies (Fig. 288), 
while many were separate individuals (Fig. 283), building a 




Fm. 291. A Chaiu Coral Km. 202. A Syringtipora Coiai 

single conical, or horn-shaped cell, which sometimes i 
the extreme size of a foot in length and two or three inclies in 
diameter. 
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Honeycomb corals consist of masses of small close-set pris- 
oatic cells, each crossed by honzoutal partitions or tabulee 
vhile the septa are rudimentary being represented by faintly 
projecting ridges or rows of spines 

Chain corah aie also marked bj tabulfK. Tlieir cells form 
elliptical tubes touching eich other at tht, t.df,e-> iiul appeaiuig 
in cross section hie the bnks _ 

of a chain. Ihey became ex 
tmct at the end of the Silunan. 

The corals of the Syringo- 
ma family are similar m 




. A Blasti^id 4 Bide > lew 
showing portion of the stem 
B, summit of calys (Bpecies Cir 
boniferoua) 




204. A Silurian bcorpioii 



structure to chain corals, but the tubular euliimiis are con- 
nected only in places. 

To the echinoderms there is now added the Mastoid (bud- 
shaped). The blastoid is stemmed and armless, and ita globular 
"head" or "calyx," with its five petal-like divisions, resembles 
a flower bud. Tlie blastoids became more abundant in the 
Devonian, culminated in the Carboniferous, and disappeared at 
the end of the Paleozoic. 

The great eurypterids — some of which were five or six feet 
in length — and the cephalopoda were still masters ot tKt ?»a&. 
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Fishes were aa yet few and small ; trilobiLea and graptolitea 
had now passed their prime and had diminished greatly in nutft- 
bers. Scorpions are found in this period both in Europe and in 
America. The limestone-making seas of the Silurian swarmed 
with corals, crinoids, and brachiopndf. 




F.<i. ai).i. Hloi-k of LimestLiiie showins Interior Casts of pLiUam 
oblongua, a Comiuun Siluriau lirachiupod 

With the end of the Silurian period the Age of InvertebraU 
comes to a uloae, giving place to the Devonian, the Agi if 
Mshea. 




CHAPTEE XVIII 
THE DEVONIAN 

In America the Silurian is not separated from the Devonian 
by any.mountain-making deformation or continental upKft. The 
GDBf'pmod passed quietly into the other. Their conformable 
syJtfttnH are so closely related, and the change in their faunas 
iRJtO gradual, that geologists are not agreed as to the precise 
haiucni which divides them. 

Sftbdivisions and physical geography. The Devonian is rep- 
lesented in New York and southward by the following five 
saaoB. ' We add the rocks of which they are chiefly composed. 

5 Chemung sandstones and sandy shales 

4 Hamilton shales and sandstones 

3 Comiferous limestones 

2 Oriskany sandstones 

1 Helderberg limestones 

The Helderberg is a transition epoch referred by some geol- 
ogists to the Silurian. The thin sandstones of the Oriskany 
mark an epoch when waves worked over the deposits of for- 
mer coastal plains. The limestones of the Comiferous testify 
to a warm and clear wide sea which extended from the Hud- 
son to beyond the Mississippi Corals throve luxuriantly, and 
their remains, with those of mollusks and other lime-secret- 
ing animals, built up great beds of Kmestone. The bordering 
continents, as during the later Silurian, must now have been 
monotonous lowlands which sent down Kttle of even the finest 
waste to the sea. 

In the Hamilton the clear seas of the previous epoch became 
clouded with mud. The immense deposits of coarse sandstones 

341 
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and sandy shales of the Chemung^ which are found off what was 
at the time the west coast of Appalachian prove an uplift of 
that ancient continent. 

The Chemung series extends from the Catskill Mountains to north- 
eastern Ohio and south to northeastern Tennessee, covering an area of 
not less than a hundred thousand square miles. In eastern New York it 
attains three thousand feet in thickness; in Pennsylvania it reachei 
the enormous thickness of two miles ; but it rapi()ly thins to the west 
Everywhere the Chemung is made of thin b^s of rapidly alternating 
coarse and fine sands and days, with an occasional pebble layer, and 
hence is a shallow-water deposit The fine material has not been th(H^ 
oughly winnowed from the coarse by the long action of strong waves 
and tides. The sands and clays have undergone Mttle more sorting than 
is done by rivers. We must regard the Chemung sandstones as deposits 
made at the mouths of swift, turbid rivers in such great amount that 
they could be little sorted and distributed by waves. 

Over considerable areas the Chemung sandstones bear little or no 
trace of the action of the sea. The Catskill Mountains, for example, 
have as their summit layers some three thousand feet of coarse red 
sandstones of this series, whose structure is that of river deposits, and 
whose few fossils are chiefly of fresh-water types. The Chemung is 
therefore composed of delta deposits, more or less worked over by the 
sea. The bulk of the Chemung equals that of the Sierra Nevada Moun- 
tains. To furnish this immense volume of sediment a great mountain 
range, or highland, must have been upheaved where the Appalachian 
lowland long had been. To what height the Devonian mountains of 
Appalachia attained cannot be told from the volume of the sediments 
wasted from them, for they may have risen but little faster than they 
were worn down by denudation. We may infer from the character of 
the waste which they furnished to the Chemung shores that they did 
not reach an Alpine height. The grains of the Chemung sandstones 
are not those which would result from mechanical disintegration, as by 
frost on high mountain peaks, but are rather those which would be left 
from the long chemical decay of siliceous crystalline rocks ; for the more 
soluble minerals are largely wanting. The red color of much of the 
deposits points to the same conclusion. Red residual clays accumulated 
on the mountain sides and upland summits, and were washed as ocherous 
silt to mingle with the delta sands. The iron-bearing igneous rocks 
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of the oldland also contributed by their decay iron in solution to the 
rivers, to be deposited in films of iron oxide about the quartz grains of 
the Chemung sandstones, giving them their reddish tints. 

Life of the Devonian 

Plants. The lands were probably clad with verdure during 
Silurian times, if not still earlier ; for some rare remains of ferns 
and other lowly types of vegetation have been found in the 
strata of that system. But it is in the Devonian that we dis- 
cover for the first time the remains of extensive and luxuriant 
forests. This rich flora reached its climax in the Carboniferous, 
and it will be more convenient to describe its varied types in 
the next chapter. 

Rhizocarps. In the shales of the Devonian are found micro- 
scopic spores of rhizocarps in such countless numbers that their 
weight must be reckoned in hundreds of millions of tons. It 
would seem that these aquatic plants culminated in this period, 
and in widely distant portions of the earth swampy flats and 
shallow lagoons were filled with vegetation of this humble type, 
either growing from the bottom or floating free upon the sur- 
face. It is to the resinous spores of the rhizocarps that the 
petroleum and natural gas from Devonian rocks are largely 
due. The decomposition of the spores has made the shales 
highly bituminous, and the oil and gas have accumulated in 
the reservoirs of overlying porous sandstones. 

Invertebrates. We must pass over the ever-changing groups 
of the invertebrates with the briefest notice. Cliain corals 
became extinct at the close of the Silurian, but other corals 
Were extremely common in the Devonian seas. At many 
places corals formed thin reefs, as at LouisvUle, Kentucky, 
ivhere the hardness of the reef rock is one of the causes of the 
Palls of the Ohio. 

Sponges, echinoderms, brachiopods, and mollusks were abun- 
lant. The cephalopods take a new depattAXte, §iQi \act \sn. ^i^ 
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their various forms, wliether straight, as the Orthoceras, m 

curved, or cloae-coiJed as in the nautilus, the septum, or partir 

tion dividing the chambers, met the inner shell along a simple 

line, like that of tlio rim of a saucer. There uow begins a 

growth of the septum by which its 

edges become sharply corrugated, and 

the suture, or hue of juncture of the 

septum and the shell, is thus angled. 

The group in which this growth of 

the septum takes place is called the 

Goniatite (Greek gonia, aagle). 

Vertebrates. It is with the greats 

est interest that we turn now to 

study the liacklwned animals of the 

Devonian ; for they are believed to 

„ . „ , , he the ancestora of the hosta of verte- 

Fio. 296. A Goniatlle , , . , , . , , ■ 

brates which have smce dommated ', 

the earth. Their rudimentary structures foreshadowed what |. 

their descendants were to be, and give some clue to the earliest 

vertebrates from wliich they sprang. Like those whose remains I, 

are found in the lower Paleozoic systems, all of 

these Devonian vertebrates were aquatic and go 

under the general designation of fishes. 

The lowest in grade and nearest, perhaps, to the 
ancestral type of vertebrates, was the problematic 
creature, an inch or so long, of Figure 297. Note 
the circular mouth not supplied with jaws, the lack 
of paired fins, and the symmetric tail fin, with 
the column of cartilaginous, ringlike vertebrae run- Fiu. 297. I 
ning through it to the end. The animal is prob- Pa'*^ ,! 
ably to be placed with the jawless lampreys and | 

hags, — a group too low to be included among true fishes. | 

Ostracoderms. This archaic group, long since extinct, is 
also too lowly to rank among the true fishes, for its members 
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live neither jaws nor paired fins. These small, fishlike forms 
were eased in front with bony plates developed in the skhi and 
covered in the rear with scales. The vertehne were not osailied, 
for no trace of them has been found. 




FiQ. 208. Ad OstDLCoderm 

Devonian fishes. The true fishes of the Devonian can heat 
be understood by reference to their descendants now Hving. 
Modem fishes are divided into several groups: sharks and 
their allies ; dipnoans; ganoids, such as the sturgeon and gar ; 
and teleosts, — most common fishes, such as the perch and cod. 

Sharks. Of all groups of living fishes the sharks are the 
oldest and still retain most fully the embryonic characters of 
their Paleozoic ancestors. Such characters are the cartilaginous 




299. A Paleozoic Sliark 



skeleton, and the separate gill slits with which the throat wall 
is pierced and which are arranged in line like the gill openings 
of the lamprey. The sharks of the Silurian and Devonian are 
known to us chiefly by their teeth and fin spines, for they were 
unprotected by scales or plates, and were devoid of a bony 
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akel^n. Figure 299 ia a restoration of au archsic shark from 
a somevhat higher hoiizotL Note the seven gilL slita and Qib 
lappethke paired fins. These fins seem to be lemnanta of the 
contdnaous fold of skin vhich, as embiyologj teaches, paaaed 
from fore to aft down each side of the primitiTe vertebrate. 

Devonian sharks were comparatively smslL Tbey had not 
evolved into the ferocdouB monsters which were later to be 
masters of the seas. 

Dipnoans, or long fishes. These are repres^itad to^y by a 
few peculiar fishes and are distinguished by some high structuKS 
which ally them with amphibians. An air sac with cellulAi 
spaces is connected with the gullet and serves as a rudimrai- 
tary lung It corresponds with the swim bladder of most mod- 




Fio. 300. A Devonian Dipnoan 

em fishes, and appears to have had a common or^in with it 
We may conceive that the primordial fishes not only had gills 
used in breathing air dissolved in water, but also developed a 
saclike pouch off the gullet. This sac evolved along two dis- 
tinct lines. On the line of the ancestry of most modem fishes 
its duct was closed and it became the swim bladder used in 
flotation and balancing. On another line of descent it was left 
open, air was swallowed into it, and it developed into the rudi- 
mentary lung of the dipnoans and into the more perfect lui^ 
of the amphibians and other air-breathing vertebrates. 

One of the ancient dipnoans is illustrated in Figure 300. 
Some of the members of this order were, like the ostraco- 
derms, cased in armor, but their higher rank is shown by their 
powerful jaws and by otkei atTvicturea. Some of these armored 
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fishes reached twenty-five feet in length and six feet acroaa the 
head. They were the tyrants of the Devonian seas. 

Ganoids. These take their name from their enameled plates 
or scales of bone The few genera novt surviving are the 
descendants of the tnbea which swarmed m the Devonian seas 
A restoration of one of a leadmg order, the frvngt-jinned 
ganoids, is given m Figure 301 The side fans, which corre- 
apond to the limbs of the higher vertebrates, are quite unlike 
those of most modem fishes Their rays, mstead of radiating 
from a common base, fnnge a central lobe which contains a 




. A Devonian Fringe-Finned Ganoid 
cartilaginous axis. The teeth of the Devonian ganoids show 
a complicated folded structure. 

General characteristics of Devonian fishes. The Ttotochord 
is persistent. The notochord is a continuous rod of cartilage, or 
gristle, which in the embryolt^cal growth of vertebrate ani- 
mals supports the spinal nerve cord before the formation of 
the vertebrEt In most modem fishes and in all liigher verte- 
brates the notochord is gradually removed as the bodies of tlie 
vertebwe are formed about it ; but in the Devonian fishes it 
persists through maturity and the vertebrse remain incomplete. 

The skeleton is cartilaginous. This also is an embryological 
characteristic. In the Devonian fishes the vertebrse, as well as 
the other parts of the skeleton, have not ossified, or changed to 
bone, but remain in their primitive cartilaginous condition- 
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1^ tail fin it vertebrtUed. The backbone ruiu tfaioo^ tiu 
fin and is fringed above and below with its vertioal raya. h 
some fishes wiUi vertebrated tail fins the fin is Bynunebie 
(Fig. 300), and this seems to be the primitive t^pe. In o&m 
its tail fin is unsymmetric : the baokbone runs into tiie upper 
lobe, leaving the two lobes of uneqnal size. la most modem 
fishes (the tdtoOi) 
the tail fin is not 
vertebrated: tha 
Bjnnal oolnmn endi 
in a broad fdat^ hi 
which the diver- 
ging fin rays are 
^tadied. 

Bat along with 
these embryonic 
chsTacters, whicb 
were common to all 
B, showing Devonian fishes, 
there were other 
structures in certain groups which foreshadowed the li^her 
structures of the land vertebrates which were yet to come : air 
sacs which were to develop into lungs, and cartilaginous axes in 
the side fins which were a prophecy of limbs. The vertebrates 
had already advanced far enough to prove the superiority of 
their type of structure to all others. Their internal skeleton 
afforded the best attachment for muscles and enabled them to 
become the largest and most powerful creatures of the time. 
The central nervous system, with the predominance given to tie 
ganglia at the fore end of the nerve cord, — the brain, — already 
endowed them with greater energy than the invertebrates; and, 
still more important, these structures contained the possibility 
of development into the more highly organized land vertebrates 
which were to rule the earth. 




lo. 802. Vertebrra of Sturgeon in 
and vertical transverse section 
NotoclioTd ch, and Neural Canal i 
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Teleosts. The great group of fishes called the teleosts, or those with 
complete bony skeletons, to which most modern fishes belong, may be 
mentioned here, although in the Devonian they had not yet appeared. 
The teleosts are a highly specialized type, adapted most perfectly to their 
aquatic environment. Heavy armor has been discarded, and reliance is 
placed instead on swiftness. The skeleton is completely ossified and 
the notochord removed. The vertebrae have been economically with- 
drawn from the tail, and the cartilaginous axis of the side fins has 
been found unnecessary. The air sac has become a swim bladder. In 
this complete specialization they have long since lost the possibility of 
evolving into higher types. 

It is interesting to note that the modem teleosts in their embryo- 
logical growth pass through the stages which characterized the maturity 
of their Devonian ancestors ; their skeleton is cartilaginous and their 
tail fin vertebrated. 



CHAPTEE XIX 
THE CARBONIFEROUS 

The Carboniferous system is so named from the laige amoost 
of coal which it contains. Other systems, from the DeyoDian 
on, are coal bearing also, but none so richly and to so wide an 
extent. Never before or since have the peculiar conditions been 
so favorable for the formation of extensive coal deposits. 

With few exceptions the Carboniferous strata rest on those 
of the Devonian without any marked unconformity ; the one 
period passed quietly into the other, with no great physical 
disturbances. 

The Carboniferous includes three distinct series. The lower is 
called the Mississijpjpian, from the outcrop of its formations along 
the Mississippi River in central and southern Illinois and the 
adjacent portions of Iowa and Missouri The middle series is 
called the Pennsylvanian (or Coal Measures), from its wide 
occurrence over Pennsylvania. The upper series is named the 
Permian, from the province of Perm in Eussia. 

The Mississippian series. In the interior the Mississippian 
is composed chiefly of limestones, with some shales, which tell 
of a clear, warm, epicontinental sea swarming with crinoids, 
corals, and shells, and occasionally clouded with silt from the 
land. 

In the eastern region. New York had been added by uplift 
to the Appalachian land which now was united to the northern 
area. From eastern Pennsylvania southward there were laid in a 
subsiding trough, first, thick sandstones (the Pocono sandstone), 
and later still heavier shales, — the two together reaching the 
thickness of four thousand feet and more. We infer a renewed 
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i of Appalachia similar to that of the later epochs of the 
nian, but as much less in amount as the volume of sedi- 
s is smaller. 

The Pennsylvanian Series 

6 Mississippian was brought to an end by a quiet oscilla- 
which lifted large areas slightly above the sea, and the 
sylvanian began with a movement in the opposite direction, 
jea encroached on the new land, and spread far and wide 
iat basal conglomerate and coarse sandstones. On this 
nt beach deposit a group of strata rests which we must 
interpret. They consist of alternating shales and sand- 
s, with here and there a bed of limestone and an occa- 
l seam of coal. A stratum of fire clay commonly underlies 
1 seam, and there occur also beds of iron ore. We give 
ical section of a very small portion of the series at a local- 
L Pennyslvania. Although some of the muior changes are 
ed, the section shows the rapid alternation of the strata : 

Feet 

9 Sandstone and shale 25 

8 Limestone 18 

7 Sandstone 10 

6 Coal 1-6 

5 Shale 0-2 

4 Sandstone 40 

3 Limestone 10 

2 Coal 5-12 

1 Fire clay • 3 

is section shows more coal than is usual ; on the whole, 
seams do not take up more than one foot in fifty of the 
Measures. They vary also in thickness more than is seen 
e section, some exceptional seams reaching the thickness 
:y feet. 
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Eaw coal vas made. 1. Cool is of vegetable origin. Exam- 
ined under the microscope even anUimcite, or hard coal, is seen 
to contain carbonized vegetal tiasnea. There are also all giadft- 
tions connecting the hardest anthracite — through semilataiDi- 
nous coal, bitominous or soft coal, lignite (an imperfect «nl 
in which sometimes woody fibers may be seen little changed) 
— with peat and decaying v^table ti88ae& Coal is compressed 
and mineralized v^etal matter. Its varieties depend on tits 
perfection to which the peculiar diange ccklled 
has been carried, and also, as shown in the table belt 
degree to which the volatile subetBiices and w 
and on the per cent of carbon remaining. 





Ptal 


umtuo 




Dta^Smmp 


r«au 


Moisture . . 


. 78.89 


14.67 


Tolatile matter 


. 13.84 


87.82 


Fixed carbon 


. 6.49 


41.07 


Ash ... . 


.78 


6.69 



1.8 2J4 

' 20.87 4.25 

67.20 81.51 

8.80 10J7 

2. The vegetable remains associated with coal are those o( 
land planta. 

3. Coal accumulated in the presence of water ; for it is only 
when thus protected from the air that vegetal matter is {kb- 
served. 

4. The vegetation of coal accumulated for the most part 
where it grew ; it was not generally drifted and deposited bj 
waves and currents. Commonly the fire clay beneath the seam 
is penetrated with roots, and the shale above is packed witl 
leaves of fema and other plants as beautifully pressed as in i 
herbarium. There often ia associated with the seam a foasil 
forest, with the stumps, which are still standing where they 
grew, their spreading roots, and the soil beneath, all changed U 
stone (Fig. 303). In the Nova Scotia field, out of seventy-ail 
distinct coal seams, twenty aie underlain by old forest ground! 
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The presence of fire clay beneath a aeam points in the same 
direction. Such underclays withstand intense heat and are used 
in making fire brick, because their alkalies have been removed 
by the long-continued growth of vegetation. 

Fuel coal is also too pure to have been accumulated by 
driftage. In that case we should esj^ct to find it mixed with 
mud, while in fact it often contains no more ash than the 
vegetal matter would furnish from which it h 




Fig. -S03. Fo.ssil Ti'ee Stamps of a Carbon if ei'oiis Forest, Hcotlanii 

ITiese conditions are fairly met iii the great swamps of river 
plains and deltas and of coastal plains, such as the great Dismal 
Svramp, where thousands of generations of forests with their 
■Undergrowths contribute their stems and leaves to form thick 
beds of peat. A coal seam is a fossil peat bed. 

Geographical conditions duiing the Pennsylvanian- Die Car- 
boniferous peat swamps were of vast extent. A map of the 
Coal Measures (Fig. 260) shows that the coal marshes stretched, 
"with various interruptions of higher ground and atiaiia Cii o^RSi 
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water, from eastern Pennsylvania into Alabama, Texas, and 
Kansas. Some individual coal beds may still be traced over a 
thousand square miles, despite the erosion which they have 
suffered. It taxes the imagination to conceive that the .varied 
region included within these limits was for hundieds of tfeim- 
sands of years a marshy plain covered with tropical jiiii(^ 
such as that pictured in Figure 304. 

On the basis that peat loses four fifths of its bulk in chan- 
ging to coal, we may reckon the thickness of these ancient peat 
beds. Coal seams six and ten feet thick, which are not uncom- 
mon, represent peat beds thirty and fifty feet in thickness, 
while mammoth coal seams fifty feet thick have been com- 
pressed from peat beds two hundred and fifty feet deep. 

At the same time, the thousands of feet of marine and fresh- 
water sediments, with their repeated alternations of limestones, 
sandstones, and shales, in which the seams of coal occur, prove 
a slow subsidence, with many changes in its rate, with halts 
when the land was at a stillstand, and with occasional move- 
ments upward. 

When subsidence was most rapid and long continued the 
sea encroached far and wide upon the lowlands and covered the 
coal swamps with sands and muds and limy oozes. When sub- 
sidence slackened or ceased the land gained on the sea. Bays 
were barred, and lagoons as they gradually filled with mud 
became marshes. Eiver deltas pushed forward, burying with 
their silts the sunken peat beds of earlier centuries, and at the 
surface emerged in broad, swampy flats, — like those of the 
deltas of the Mississippi and the Ganges, — which soon were 
covered with luxuriant forests. At times a gentle uplift brought 
to sea level great coastal plains, which for ages remained mantled 
with the jungle, their undeveloped drainage clogged with its 
debris, and were then again submerged. 

Physical geography of the several regions. The Acadm 
rcffiori lay on the eastern side of the northern land, where dow 
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ore New Brunswick and Nova Scotia^ and was an immeDse 
river delta. Here liver deposits rich in coal aocumnlafced to a 
depth of sixteen thousand feet. The area of this coal field is 
estimated at about thirty-six thousand square nule& 

The Appalachian region skirts the Appalachian oldland on 
the west from the southern bouiidary of New York to northern 
Alabama, extending west into eastern Ohio. The CSndiuiati 
anticline was now a peninsula, and the broad gulf which had lain 
between it and Appalachia was transformed at the betginniDg of 
the Pennsylvanian into wide marshy plaias, now ainlriTig breath 
the sea and now emerging from it. This area subsided doiipg 
the Carboniferous period to a depth of nearly ten thousand feet 

The Central reffUm lay west of the peninsula of the CSn- 
dnnati anticline, and extended from Indiana west into eastern 
Nebraska, and from central Iowa and Illinois southward about 
the and^it island in Missouri and Arkansas into OMahoma 
and Texas. On the north the subsidence in this area was comr 
paratively slight, for the Carboniferous strata scarcely exceed 
two thousand feet in thickness. But in Arkansas and Indian 
Territory the downward movement amounted to four and five 
miles, as is proved by shoal water deposits of that immense 
thickness. 

The coal fields of Indiana and Illinois are now separated by 
erosion from those lying west of the Mississippi Elver. At the 
south the Appalachian land seems still to have stretched away 
to the west across Louisiana and Mississippi into Texas, and 
this westward extension formed the southern boundary of the 
coal marshes of the continent. 

The three regions just mentioned include the chief Carbon- 
iferous coal fields of North America. Including a field in central 
Michigan evidently formed in an inclosed basin (Fig. 260), and 
one in Ehode Island, the total area of American coal fields has !^ 
been reckoned at not less than tw<>iliundred thousand square 
miLes. We can hardly estimate the value of these great stores 
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of fossil fuel to an industrial civilization. The forests of the 
eoal swamps accumulated in their woody tissues the energy 
which they received from the sun in light and heat, and it is 
bhis solar energy long stored in coal seams which now forms 
the world's chief source of power in manufacturing. 

The western area. On the Great Plains beyond the Missouri 
River the Carboniferous strata pass under those of more recent 
systems. Where they reappear, as about dissected mountain 
ixes or on stripped plateaus, they consist wholly of marine 
deposits and are devoid of coal The rich coal fields of the West 
ire of later date. 

On the whole the Carboniferous seems to have been a time 
3f subsidence in the West. Throughout the period a sea covered 
the Great Basin and the plateaus of the Colorado River. At the 
time of the greatest depression the sites of the central chains of 
the Rockies were probably islands, but early in the period they 
may have been connected with the broad lands to the south 
and east. Thousands of feet of Carboniferous sediments were 
deposited where the Sierra Nevada Mountains now stand. 

The Permian. As the Carboniferous period drew toward its 
3lose the sea gradually withdrew from the eastern part of the 
3ontinent. Where the sea lingered in the deepest troughs, and 
where inclosed basins were cut off from it, the strata of the Per- 
DQiian were deposited. Such are found in New Brunswick, in 
Pennsylvania and West Virginia, in Texas, and in Kansas. In 
southwestern Kansas extensive Permian beds of rock salt and 
gypsum show that here lay great salt lakes in which these 
minerals were precipitated as their brines grew dense and dried 
siway. 

In the southern hemisphere the Permian deposits are so extraordi- 
nary that they deserve a brief notice, although we have so far omitted 
mention of the great events which characterized the evolution of other 
continents than our own. The Permian fauna-flora of Australia, India, 
South Africa, and the southern part of South Amerie^b «t^ ^o ««K^"ax 
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that the inference is a reasonable one that these widely separated 
regions were then connected together, probably as extensions of a great 
antarctic continent. 

Interbedded with the Permian strata of the first three countries 
named are extensive and thick deposits of a peculiar nature which are 
clearly ancient ground moraines. Clays and sand, now hardened to 
firm rock, are inset with unsorted stones of all sizes, which often are 
faceted and scratched. Moreover, these bowlder clays rest on rock 
pavements which are polished and scored with glacial markings. 
Hence toward the close of the Paleozoic the southern lands of the eastr 
em hemisphere were invaded by great glaciers or perhaps by ice sheets 
like that wliich now shrouds Greenland. 

These Permian ground moraines are not the first traces of the work 
of glaciers met with in the geological record. Similar deposits prove 
glaciation in Norway succeeding the pre -Cambrian stage of elevation, 
and Cambrian glacial drift has recently been found in China. 

The Appalachian deformation. We have seen that during 
Paleozoic times a long, narrow trough of the sea lay off the 
western coast of the ancient land of Appalachia, where now are 
the Appalachian Mountams. During the long ages of this era 
the trough gradually subsided, although with many stillstands 
and with occasional slight oscillations upward. Meanwhile 
the land lying to tlie east was gradually uplifted at varying 
rates and with long pauses. The waste of the rising land 
was constantly transferred to tlie sinking marginal sea bottom, 
and on the whole tlie trough was tilled with sediments as 
rapidly as it subsided. The sea was thus kept shallow, and at 
times, especially toward the close of the era, much of the area 
was upbuilt or raised to low, marshy coastal plains. Wlien the 
Carboniferous was ended the waste wdiich had been removed 
from the land and laid along its margin in the successive forma- 
tions of the Paleozoic had reached a thickness of between thirty 
and forty thousand feet. 

Both by sedimentation and by subsidence the trough had 
now become a belt of weakness in the crust of the earth. Here 
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he crust was now made of layers to the depth of six or seven 
niles. In comparison with the massive crystalUne rocks of 
\.ppalachia on the east, the layered rock of the trough was weak 
o resist lateral pressure, as a ream of sheets of paper is weak 
vhen compared with a soUd board of the same thickness. It was 
veaker also than the region to the west, since there the sedi- 
aents were much thinner. Besides, by the long-continued 
lepression the strata of the trough had been bent from the 
lat-lying attitude in which they were laid to one in which they 
vere less able to resist a horizontal thrust. 

There now occurred one of the critical stages in the history 
)f the planet, when the crust crumples under its own weight 
ind shrinks down upon a nucleus which is diminishing in vol- 
ime and no longer able to support it. Under slow but resist- 
ess pressure the strata of the Appalachian trough were thrust 
igainst the rigid land, and slowly, steadily bent into long folds 
vhose axes ran northeast-southwest parallel to the ancient 
toast line. It was on the eastern side next the buttress of the 
and that the deformation was the greatest, and the folds most 
;teep and close. In central Pennsylvania and West Virginia the 
olds were for the most part open. South of these states the folds 
vere more closely appressed, the strata were much broken, and 
he great thrust faults were formed which have been described 
tlready (p. 218). In eastern Pennsylvania seams of bituminous 
5oal were altered to anthracite, while outside the region of 
itrong deformation, as in western Pennyslvania, they remained 
mchanged. An important factor in the deformation was the 
nassive Umestones of the Cambrian-Ordovician. Because of 
,hese thick, resistant beds the rocks were bent into wide folds 
ind sheared in places with great thrust faults. Had the strata 
been weak shales, an equal pressure would have crushed and 
mashed them. 

Although the great earth folds were slowly raised, and no 
doubt eroded in their rising, they formed in aYL ^xoX^^^c^"^ ^ 
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range of lofty mountains, with a width of from fifty to a hun- 
dred and twenty-five milea, which stretched from New YoA 
to central Alabama, 

From their bases lowlands extended westward to beyond the 
Misaouri River. At the same time ranges were upridged out 
of thick Paleozaic sedinjenta both in the Bay of Fundy region 
and in the Indian Temtory. The eastern portion of the Norti 
American continent was now well-nigh complete. 

The date of the Appalachian deformation is told in the usual 
way. TTie Carboniferous strata, nearly two miles thick, are all 
infolded in the Appalachian ridges, while the next deposits 
found in this region — those of the later portion of the first 
period (the Trias) of the succeeding era — rest unconEormably on 
the worn edges of the Appalachian folded strata. The deforma- 
tion therefore took place about the close of the Paleozoic It 
aeeras to have begun in the Permian, in eastern PennBylvanis, 
— -for here the Permian strata are wanting, — and to have con- 
tinued into the Trias, whose earlier formations are absent over 
all the area. 

With this wide uplift the subsidence of the sea floor which 
had so long been general in eastern North America came to an 
end. Deposition now gave place to erosion. The sedimcntaiT 
record of the Paleozoic was closed, and after an unknown laps 
of time, here unrecorded, the annals of the succeeding era weie 
written under changed conditions. 

In western North America the closing stages of the Paleozoic 
were marked by important oscillations. The Great Basin, which 
had long been a mediterranean sea, was converted into land 
over western Utah and eastern Nevada, while the waves of the 
Pacific rolled across California and western Nevada, 

The absence of tuffs and lavas among the Carboniferous straW 
of North America shows that here volcanic action was singu- 
larly wanting during the entire period. Even the Appalachiau 
(ieformation was not Succompamei^i^ kbjj -s^^Kasat^ ^svajjtBiista. 
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Life op the CARBONiFERons 

Plants. The gloomy forests and dense undergrowtlis of the 
Carboniferous jungles would appear unfamiliar to ua could we 
see them as they grew, and even a botanist would find many 
of their forms perplexing and hard to classify. None of our 
modem trees would meet the eye. Plants with conspicuous 
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flowers of fragrance and beauty were yet to come. Even mosses 
and grasses were still absent. 

Tree ferns lifted their crowns of feathery fronds high in air 
on trunks of woody tissue ; and luwly herbaceous ferns, some 
belonging to existing families, carpeted the ground. Many of 
the femlike forms, however, have distinct affinities with the 
cycada, of which they may be the ancestors, and some bear seeds 
and must be classed as gymuosperms. 

Dense thickets, like cane or bamboo brakes, were composed 
of thick clumps of Calamites, whose slender, jointed stems shot 
up to a height of forty feet, and at the joints boia ^.Vesiisst 



362 



THE ELEMENTS OF GEOLOGY 



branches set with whorls of leaves. These were close allies of ite 
Equiseta or '* horsetails," of the present ; but they bore charactei- 
iatics of higher classes in the woody structures o£ their stems. 
There were also vast mouotonoua forests, composed chiefly oi 
trees belonging to the lycopods, and whose nearest relative 
to-day are the little club mosses of our eastern woodti. Tun 
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families of lycopods deserve special mention, — the Lepidoden- 
drons and the S^illaria. 

The Lepidodendron, or " scale tree," was a gigantic club moss 
fifty and seventy-five feet high, spreading toward the top into 
stout branches, at whose ends were borne cone-shaped spow 
cases. The younger parts of the tree were clothed with stiff 
needle-shaped leaves, but elsewhere the trunk and branches 
were marked with scalelike scars, left by the fallen leaves, and 
arranged in spiral rowa 

The Sigillaria, or " seal tree," was sLmOar to the Lepidoden- 
dron, but its fluted tmnk divided into even fewer branchea, and 
was dotted with vertical rows of leaf scars, like the 
of a seal 
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Both Lepidodendron and Sigillaria were anchored by means 
)f great cablelike underground stems, which ran to long dis- 
tances through the marshy ground. The trunks of both trees 
lad a thick woody rind, inclosing loose cellular tissue and a 
)ith. Their hollow stumps, filled with sand and mud, are com- 
non in the Coal Measures, and in them one sometimes finds 
eaves and stems, land shells, and the bones of little reptiles of 
.he time which made their home there. 

It is important to note that some of these gigantic lycopods, 
ivhich are classed with the cryptogamSy or flowerless plants, had 
pith and medullary rays dividing their cylinders into woody 
wedges. These characters connect them with the phanerogams, 
DT flowering plants. Like so many of the organisms of the 
remote past, they were connecting types from which groups 
aow widely separated have diverged. 

Gymnosperms, akin to the cycads, were also present in the 
Carboniferous forests. Such were the different species of Cor- 
daites, trees pyramidal in shape, with strap-shaped leaves and 
autlike fruit. Other gymnosperms were related to the yews, 
and it was by these that many of the fossil nuts found in the 
Coal Measures were borne. It is thought by some that the 
^ynmosperms had their station on the drier plains and higher 
lands. 

The Carboniferous jimgles extended over parts of Europe 
md of Asia, as well as eastern North America, and reached 
from the equator to within nine degrees of the north pole. 
Even in these widely separated regions the genera and species 
3f coal plants are close akm and often identical. 

Invertebrates. Among the echinoderms, crinoids are now 
3xceedingly abundant, sea urchins are more plentiful, and sea 
cucumbers are found now for the first time. Trilobites are 
rapidly declining, and pass away forever with the close of the 
period. Eiuypterids are common ; stinging scorpions are abun- 
dant ; and here occur the first-known spiders. 
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We have seen that the arthropods wero the first of all 
animals to conquer the realm of the air, the earliest insects 
appearing in the Ordovician. Insects liad now become exceed- 
ingly abundant, and the Carboniferous forests swarmed with 
the ancestral types of dragon flies, — some with a spread ot wing 
of more than two feet, — May flies, crickets, and locusts. Cock- 
roaches infested the swamps, and one hundred and thirty-three 
species of this ancient order have 
Ixien discovei-ed in the Carbon- 
iferous of North America. The 
higher flower-laving insects are 
still absent ; the reign of the 
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flowering plants has not yet begun. The Paleozoic insects weie 
generalized types connecting the present orders. Their fote 
wings were still membranous and delicately veined, and used 
in flying ; they had not yet become thick, and useful only as 
wing covers, as in many of their descendants. 

Fishes still held to the Devonian types, with the exception 
that the strange ostracoderms now had perished. 

Amphibians. The vertebrates had now followed the arthifl- 
pods and the mollusks upon the land, and had evolved a bi^iei 
type adapted to the new environment. Amphibians — the class 
to which frogs and salamanders belong — now appear, with 
lungs for breathing air and with limbs for locomotion on tlw 
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land. Most of the Carboniferoua ampliibianB were shaped like 
the salainauder, with weak limbs adapted more for crawling 

Fig. SIO. A Carboniferoiis Dragon Fly 
Que tentb uatural itize 
than for carrying the body well above the ground. Some leg- 
less, degenerate forms were snakelike in shape. 

The earhest amphibians diifer from thoae of to-day in a 
number of respects. They were connecting 
types Uniting together fishes, from which 
they were descended, with reptiles, of which 
they were the ancestors. They retained the 
evidence of their close relationship with the 
Devonian fiahea in their cold blood, their 
giUs and aquatic habit during their larval 
stage, their teeth with dentine infolded like 
those of the Devonian ganoids but still 
more intricately, and their biconcave ver- 
tebrae which never completely ossified. 
These, the highest vertebrates of the time, 
had not yet advanced beyond the embry- 
onic stage of the more or leas cartilagi- yta. 311. A Carbon- 
nous skeleton and the persistent notochord. iferoua Am^hibtaa 
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On the other 1 and tl e skull of the Carboniferous Rmphibiaiw 

was made of lose set bouj j late I ke the skull of the reptile, 

I ti an like that of the frog, 

J t open spaces (Figs. 313 

1-i Unlike modem amphib- 

tl their slimy skin, the 

-, ( irbomferous amphibians wore m 

arm r of bony scales over the 

..j^ ■v eutral surface and sometimes over 

"^"^ the hack as welL 

CpS-tj^'. .^ ii=-^ ^^ ^ "^ ^^"^^ ^ °°^'^ ^"'^ ^^ 

"'^ footp nta and skeletons of these earliest 

V a t 2 Tmiw rw '* n f known rtel rates of the land what vu 

Segmen of Too h of Anc ent t e pr m t e number of digits. The 

Carboniferous ampliibiana had five-tosd 

feet, the primitive type of foot, from which their desceiidanta of higliW 

orders, with a smaller number of digits, have diverged. 

The Carboniferous waa the age of lycopods and amphibians, 
as the Devonian had been the age of rhizoearps and fishes. 




Life of the Permian. Tlie close of the Paleozoic was, as ve 
have seen, a time of marked physical changes. The upridgiog 
of the Appalachians had begun and a wide continental uplift- 
proved by the absence of Permian deposits over large areas 
where sedimentation had gone on before — opened new lands 
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for settlement to hordes of air-breathing animals. Changes of 
climate compelled extensive migrations, and the fauna of differ- 
ent regions were thus brought into conflict. The Permian was 
a time of pronounced changes in plant and animal life, and a 
transitional period between two great eras. The somber forests 
of the earlier Carboniferous, with their gigantic club mosses, 
were now replaced by forests of cycads, tree ferns, and conifers. 
Even in the lower Permian the Lepidodendron and Sigillaria 
were veiy rare, and before the end of the epoch they and the 
Calamites also had become extinct. Gradually the antique 
types of the Paleozoic fauna died out, and in the Permian 
rocks are foimd the last sur\dvors of the cystoid, the trilobite, 
and the eurypterid, and of many long-lived families of brach- 
iopods, moUusks, and other invertebrates. The venerable Or- 
thoceras and the Goniatite linger on through the epoch and into 
the first period of the succeeding era. Forerunners of the great 
ammonite family of cephalopod mollusks now appear. The 
antique forms of the earlier Carboniferous amphibians continue, 
but with many new genera and a marked increase in size. 

A long forward step had now been taken in the evolution 
of the vertebrates. A new and higher type, the reptiles, had 
appeared, and in such numbers and variety are they found in 
the Permian strata that their advent may well have occurred in 
a still earKer epoch. It will be most convenient to describe the 
Permian reptiles along with their descendants of the Mesozoic. 
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With the close of the Permian the world of arumal aad 
vegetable life had so changed that the line is drawn here which 
marks the end of the old order and the heginntng of the new and 
separates the Paleozoic from the succeeding era, — the Mee- 
ozoic, the Middle Age of geological hiatoiy. Although th« 
Mesozoic era is shorter than the Paleozoic, aa measured hy the 
thickness of their strata, yet its duration must he reckoned in 
millions of years. Its predominant life features are the cuhni- 
uation and the beginning of the decline of reptiles, amphibians, 
cephalopod mollusks, and cycads, and the advent of marsupial 
mammals, birds, teleost fishes, and angiospermous plants. The 
leading events of the long agea of the era we can sketch onlj 
in the most summary way. 

The Mesozoic comprises three systems, — the Triassic, named 
from its threefold division in Germany ; the Jurassic, which is 
well displayed in the Jura Mountains ; and the Cretaceous, which 
contains the extensive chalk (Latin, creta) deposits of Europe. 

In eastern North America the MeBozoic rooks are much lesa impor- 
tant than the Paleozoic, for much of this portion of the continent vtsi 
land during the Mesozoic era, and the area of the Mesozoic roclu u 
amall. In western North America, on the other hand, the etrata of the 
Mesozoic — and of the Cenozoic also — are widely spread. The Paleo- 
zoic rocks are buried quite generally from view except where the moun- 
tain makings and continental uplifts of the Mesozoia and Cenoxoic 
have allowed profound ero.iion to bring them to light, as in deep c»n- 
jona and about mountain axes. The record of many of the most impo^ 
tant events in the development of the continent during the Mesoiou 
and Cenozoic eras ib found Vn fhe toc^ ot ovkt west«m states. 
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The Triassic and Jurassic 

Eastern North America. The sedimentary record interrupted 
by the Appalachian deformation was not renewed in eastern 
North America until late in the Triassic. Hence during this 
long interval the land stood high, the coast- was farther out than 
now, and over our Atlantic states geological time was recorded 
chiefly in erosion forms of hill and plain which have long since 
vanished. The area of the later Triassic rocks of this region, 
which take up again the geological record, is seen in the map 
of Figure 260. They lie on the upturned and eroded edges of 
the older rocks and occupy long troughs running for the most 
part parallel to the Atlantic coast. Evidently subsidence was in 
progress where these rocks were deposited. The eastern border 
of Appalachia was now depressed. The oldland was warping, 
and long belts of country lying parallel to the shore subsided, 
forming troughs in which thousands of feet of sediment now 
gathered. 

These Triassic rocks, which are chiefly sandstones, hold no 
marine fossils, and hence were not laid in open arms of the sea. 
But their layers are often ripple-marked, and contain many 
tracks of reptiles, imprints of raindrops, and some fossil wood, 
while an occasional bed of shale is filled with the remains of 
fishes. We may conceive, then, of the Connecticut valley and 
the larger trough to the southwest as basins gradually sinking 
at a rate perhaps no faster than that of the New Jersey coast 
to-day, and as gradually aggraded by streams from the neigh- 
boring uplands. Their broad, sandy flats were overflowed by 
wandering streams, and when subsidence gained on deposition 
shallow lakes overspread the alluvial plains. Perhaps now and 
then the basins became long, brackish estuaries, whose low shores 
were swept by the incoming tide and were in turn left bare at 
its retreat to receive the rain prints of passing showers and the 
tracks of the troops of reptiles which inhabited \\ife'9»e n^^-^^. 
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The TriMsic rocks are mainly red sandstones^ — often feldBpatlik, 
or arkose, with some conglomerates and shales. Considering the Isrge 
amount of feldspathic material in these rocks, do you in&r that tlwjr 
were derived from the adjacent crystalline and metamorphio rocks d 
the oldland of Appalaohia, or from the sedimentary Faleosoic rocb 
which had been folded into mountains during the Appalachian d0£o^ 
mation? If from the former, was the drainage of the northern Appa- 
lachian mountain region then, as now, eastward and sontheastwud 
toward the Atlantic ? The Triassic sandstones are Toluminons, measu^ 
ing at least a mile in thickness, and are largely of coarse waste. WaX 
do you infer as to the height of the lands from which the waste was 
shed, or the direction of the oscillation which they were then undo'- 
going? In the southern basins, as about Richmond, Virginia, are Talor 
able beds of coal ; what was the physical geography of these areas when 
the coal was being formed ? 

Interbedded with the Triassic sandstones are contempoia- 
neous lava beds which were fed from dikes. Volcanic action, 




Fig. 315. Section of Triassic Sandstones of the Connecticut Valley 
*88t sandstones; //, lava sheets; cc^ crystalline igneoas and metamorphic rocks 

which had been remarkably absent in eastern North America 
during Paleozoic times, was well-marked in connection with 
the warping now in progress. Thick intrusive sheets have also 
been driven in among the strata, as, for example, the sheet of 
the Palisades of the Hudson, described on page 269. 

The present condition of the Triassic sandstones of the Connecticut 
valley is seen in Figure 315. Were the beds laid in their present atti- 
tude ? What was the nature of the deformation which they have suf- 
fered ? When did the intrusion of lava sheets take place relative to the 
deformation ? What effect have these sheets on the present topography, 
and why ? Assuming that the Triassic deformation went on more rapidly 
than denudation, what was its effect on the topography of the time ? Are 
there any of its results lemaiimi^ m thft to^graphy of to-day ? Do the 
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Triassic areas now stand higher or lower than the surrounding country, 
and why ? How do the Triassic sandstones and shales compare in hard- 
ness with the igneous and metamorphic rocks about them ? The Jurassic 
strata are wanting over the Triassic areas and over all of eastern North 
America. Was this region land or sea, an area of erosion or sedimenta- 
tion, during the Jurassic period ? In New Jersey, Pennsylvania, and far- 
ther southwest the lowest strata of the next period, the Cretaceous, rest 
on the eroded edges of the earlier rocks. The surface on which they lie 
is worn so even that we must believe that at the opening of the Creta- 
ceous the oldland of Appalachia, including the Triassic areas, had been 
baseleveled at least near the coast. When, therefore, did the deformation 
of the Triassic rocks occur? 

Western North America. Triassic strata infolded in the Sierra 
Nevada Mountains carry marine fossils and reach a thickness of 
nearly five thousand feet. California was then under water, and 
the site of the Sierra was a subsiding trough slowly filling with 
waste from the Great Basin land to the east. 

Over a long belt which reaches from Wyoming across Colorado into 
New Mexico no Triassic sediments are found, nor is there any evidence 
that they were ever present ; hence this area was high land suffering 
erosion during the Triassic. On each side of it, in eastern Colorado 
and about the Black Hills, in western Texas, in Utah, over the site of 
the Wasatch Mountains, and southward into Arizona over the plateaus 
trenched by the Colorado River, are large areas of Triassic rocks, sand- 
stones chiefly, with some rock salt and gypsum. Fossils are very rare 
and none of them marine. Here, then, lay broad shallow lakes often 
salt, and warped basins, in which the waste of the adjacent uplands 
gathered. To this system belong the sandstones of the Garden of the 
Gods in Colorado, which later earth movements have upturned with 
the uplifted mountain flanks. 

The Jurassic was marked with varied oscillations and wide 
changes in the outline of sea and land. 

Jurassic shales of immense thickness — now metamorphosed 
into slates — are found infolded into the Sierra Nevada Moun- 
tains. Hence during Jurassic times the Sierra tro\i-^l\ Q,Q»\^\SkS\s^ 
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to sabside^ and enormous deposits of mud were wisushed into 
from the land lying to the east Contemporaneous lava flc 
interbedded with the strata show that volcanic action 
panied the downwarp^ and that molten rock was driven upi 
through fissures in the crust and outspread over the sea floori 
sheets of lava. 

The Sierra deformation. Ever since the middle of the 
rian^ the Sierra trough had been sinldng^ though no doal 
with halts and interruptions^ until it contained nearly twe 
five thousand feet of sediment At the dose of the Jurassic 
yielded to lateral pressure and the vast pile of strata was 
pled and upheaved into towering nlountains. The Mes( 
muds were hardened and squeezed into slates. The rocks 
wrenched and broken, and underground waters began the wc 
of filling their fissures with gold-bearing quartz, which was yet 
wait millions of years before the arrival of man to mine it 
mense bodies of molten rock were intruded into the crust as it si 
fered deformation, and these appear in the large areas of granifci. 
which the later denudation of the range has brought to light, i. 

The same movements probably uplifted the rocks of tlit 
Coast Eange in a chain of islands. The whole western part dl; 
the continent was raised and its seas and lakes were for tW 
most part drained away. 

The British Isles. The Triassic strata of the British Isles are conti''^ 
nental, and include breccia beds of cemented talus, deposits of salt an^' 
gypsum, and sandstones whose rounded and polished grains are tho*' 
of the wind-blown sands of deserts. In Triassic times the British Wd^ 
were part of a desert extending over much of northwestern Europe. 

The Cretaceous 

The third great system of the Mesozoic includes many formft' 
tions, marine and continental, which record a long and compH-- 
cated history marked by great oscillations of the crust and wide ' 
changes in the outlines oi sea aad laxvd. 
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Early Cxetaoeoiis. In eastern Xorth America the lowest Cretaceous 
des comprises fresh-water formations which are traced from Nantucket 
ross Martha's Vineyard and Long Island, and through New Jersey 
ithward into Georgia. They rest unconformably on the Triassic 
idstones and the older rocks of the region. The Atlantic shore line 
LS still farther out than now in the northern states. Again, as during 
3 Triassic, a warping of the crust formed a long trough parallel to the 
ist and to the Appalachian ridges, but cut off from the sea; and 
re the continental deposits of the early Cretaceous were laid. 
Along the Gulf of Mexico the same series was deposited under like 
iditions over the area known as the Mississippi embayment, reaching 
im Georgia northwestward into Tennessee and thence across into 
kansas and southward into Texas. 

In the Southwest the subsidence continued until the transgressing 
i covered most of Mexico and Texas and extended a gulf northward 
x> Kansas. In its warm and quiet waters limestones accumulated to 
iepth of from one thousand to five thousand feet in Texas, and of 
)re than ten thousand feet in Mexico. Meanwhile the lowlands, where 
2 Great Plains are now, received continental deposits: coal swamps 
•etched from western Montana into British Columbia. 
The Middle Cretaceous. This was a land epoch. The early Cretaceous 
^ retired from Texas and Mexico, for its sediments are overlain 
Lconfomiably by formations of the Upper Cretaceous. So long was 
e time gap between the two series that no species found in the one 
curs in the other. 

The Upper Cretaceous. There now began one of the most 
tmarkable events in all geological history, — the great Creta- 
ious subsidence. Its earlier warpings were recorded in conti- 
dntal deposits, — wide sheets of sandstone, shale, and some 
>al, — which were spread from Texas to British Columbia, 
hese continental deposits are overlain by a succession of marine 
>rmations whose vast area is shown on the map. Figure 260. We 
lay infer that as the depression of the continent continued the sea 
ame in far and wide over the coast lands and the plains worn 
^w during thie previous epochs. Upper Cretaceous formations 
how that south of New England the waters of the Atlantic 
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somewhat overlapped tlie cryatalline rocks of the Piedmont Belt 
and spread their waste over the submerged coastal plain. The 
Gulf of Mexicu agaiii covered the Mississippi embayment, reach- 




Fi( 31ti Hji«thet U Map of Upper Cretaceoua EpicontineDlai Seaa 
Sharied arena prol alli: aeas; broken lines, approximate shore lines 

iog as far noith ob southern Illmoia, and extended over Texas. 

A medatLrraneaii sej. now stretched from the Gulf to the arctic 
regions and from central 
Iowa to the eastern shore of 
the Great Basin land at abort 
the longitude of Salt lake 
City, the Colorado MoimteiB 
rising from it in a chain ol 
ifilands. Along with miwi 
oscillations there were 1 
in the interior sea varioii* t 
formations of sandstoim 
shales, and limestones, oni ^ 
from Kansasto South Dakttt d 

heds of white ehalk show that the clear, warm waters swam 

at times with foramiiiiferal life whose disintegratii^ microsooii e 

shells accumulated in tkia rare deposit. 




Fig. 317. Foraminiffra from C'rel.a- 
ceoua Chalk, Iowa. Magnified 
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At this epoch a wide sea, interrupted b; various islandg, stretched 
M:roas Eurasia from Wales and western Spain to China, and spread 
louthward over much of the Siihara. To tlie west its waters were clear 
iind on its floor the crunihled remains of foraminifers gathered in 
heavy accumulations of calcareous ooze, ^ the white chalk of France 
&Dd England. Stia urchins wc^re also abundant, and sponges contributed 
their spicules to form nodules of flint. 

The Laramie. Tiie closing stage of the Cretaceous was marked in 
I^forth America bj a slow uplift of the land. As the interior sea gradu- 
ally withdrew, the warping basins of its floor were filled with wast* 
from the rising lands about them, and over this wide area there were 
ipread continental deposits in fresh-water lakes like the Great Lakes of 
'the present, in brackish estuaries, and in river plainly, while occasional 
vacillations now and again let in the sea. There were vast marshes in. 
"Vhich there accumulatwi the larger part of the valuable coal seams of 
the West. The Laramie is the coal-bearing aeries of tlie West, as the 
Tenii sylvan! an is of the ea.'itern part of our country. 

The Rocky Mountain deformation. At the close of the Cre- 
taceous we euter upon an epoch of mountaui-nialdug far more 
extensive than any which the continent had witnessed. The 
long belt lying west of the ancient axes of the Colorado Islands 
and east of the Great Basin land had been an area of deposition 
for many ages, and in its subsiding troughs Paleozoic and Meso- 
zoic sediments had gathered to the depth of many thousand 
feet. And now from Mexico well-nigh to the Ai'ctic Ocean this 
belt yielded to lateral pressure. The Cretaceous limestones of 
Mexico were folded into lofty mountains. A massive range was 
upfolded where the Wasatcli Mountains now are, and various 
rangea of the Eockies in Colorado and other states were upridged. 
However slowly these deformations were effected they were no 
doubt accompanied by world-shakijig earthquakes, and it is 
known that volcanic eruptions took place on a magnificent 
scale. Outflows of lava occurred along the Wasatch, the lacco- 
liths of the Henry Mountains (p. 271) were formed, while the 
great masses of igneous rock which constitute tlift witea qIM^*. 
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Spanish Peaks (p. 271) aud other western mountams were thrust 
up amid the strata. The high plateaus from which many of 
tliese ranges rise had uot yet heen uplifted, and the bases of the 
mountains probably stood near the level of the sea. 

North America was now well-nigh completed. Tlie inedi- 
ten'anean seaa which so often had occupied the heart of the 
land were done away with, aud the continent stretched unbroken 
from the foot of the Sierras on the west to the Fall Line of the 
Atlantic coastal plain on the east. 

The Mesozoic peneplain. The immense thickness of the Mes- 
ozoic formations conveys to our minds some idea of the vast 
length of time involved in the slow progress of its successive 
ages. ITie same lesson is taught as plainly by the amoimt of 
denudation which the lands suffered during the era. 

The beginning of the Mesozoic saw a system oE lofty moiuitdu 
ranges stretching from New York into central Alabama. The 
end of this long era found here a wide peneplain crossed by 
sluggish wandering rivers and overlooked by detached hills as 
yet unreduced to the general level. The Mesozoic era was loug 
enough for the Appalachian Mountains, upridged at its begiii- 
ning, to have been weathered and worn away and carried grain 
by grain to the sea. The same plain extended over southeni 
New England. The Taconic range, uplifted partially at least at 
the close of the Ordovician, and the block mouDtaius of the 
Triassic, together with the pre-Cambrian mountains of ancicDt 
Appalachia, had now all been worn to a common level with the 
Allegheny ranges. The Mesozoic peneplain has been upwarped 
by later crustal movements and has suffered profound erosion, but 
the remnants of it which remain on the upland of southern New 
England and the even summits of the Allegheny ridges suffice 
to prove that it once existed. The age of the Mesozoic peneplain 
is determined from the fact that the lower Tertiary sedimaite 
were deposited tin its even surface when at the close of the en 
the peneplain was Ae^Teaaei ii.Qn% via ud^iis beneath, the sea. 
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LlFK OF THE MKSOZOIC 

Plant life of the Triassic and Jurassic The CarboDiferous 
fiiieata of lt!pi(lud«ii(lronh and si,j;illarida had now vanished 
from the earth The upldiida wurti clothed with conifers like 
the Araucanan pmns of South Amenui and Ausli^aha, Dense 
forests of tree ferns thro^ e m inoi&t n.gion'? and canehrakes of 
horsetails of modem tyj)e but with stoma reaching four mches 
in thickness bordered the lagoons and marshes Cjcads weie 



* y 




exceedmgly abundant. These gymnosperms, related to the pines 
and spruces in structure and fruiting, but palmlike in their foli- 
age, and uncoiling their long leaves after the manner of ferns, 
culminated in the Jurassic. From the view point of the bota- 
nist the Mesozoic is the Age of Cycads, and after this era they 
gradually decline to the small number of species now existing in 
troirical latitudes. 

Plant life of the Cretaceous. In the Lower Cretaceous the 
woodlands continued of much the same type as during the 
Jurassic The forenmnei's now appeared of the modem dicotyls 
(plants with two seed leaves), and in the Middle Cretaceous the 
monocotyledonous group of palms came in. Palms are so lUce 
cycads that we may regard them as the descendants of some 
cycad type. 
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In the Upper Cretaceous^ cycads become rare. The highest 
types of flowering plants gain a complete ascendency, and 
forests of modern aspect cover the continent from the Gulf of 
Mexico to the Arctic Ocean. Among the kinds of forest trees 
whose remains are found in the continental deposits of the 
Cretaceous are the magnolia, the myrtle, the laurel, the fig, 
the tulip tree, the chestnut, the oak, beech, elm, poplar, wil- 
low, birch, and maple. Forests of Eucalyptus grew along the 
coast of New England, and palms on the Pacific shores of 
British Columbia. Sequoias of many varieties ranged far into 
northern Canada. In northern Greenland there were luxuriant 
forests of magnolias, figs, and cycads ; and a similar flora has 
been disinterred from the Cretaceous rocks of Alaska and Spitz- 
bergen. Evidently the lands within the Arctic Circle enjoyed a 
warm and genial climate, as they had done during the Paleozoic. 
Greenland had the temperature of Cuba and southern Florida, 
and the time was yet far distant when it was to be wrapped in 
glacier ice. 

Invertebrates. During the long succession of the ages of the 
Mesozoic, with their vast geographical clianges, there were many 

and great changes 
in organisms. Spe- 
cies were replaced 
again and agaiu bv 
others better fitted 
to the changing en- 
vironment. During 
the Lower Creta- 
ceous alone there were no less than six successive changes in 
the faunas which inhabited the limestone-making sea which 
then covered Texas. We shall disregard these changes for the 
most part in describing tlie life of the era, and shall confine 
our view to some of the most important advances made in the 
leading types. 




Fig. 320. A Jurassic Long-Tailed Crustacean 
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Stromfttopora have disappeared. Protozoans and sponges are 
exceedingly abundant, and all contribute to tlie aiaking of 
Mesozoic strata,- Corals 
have assumed a more 
modern type. Sea '■: 
urchins have become 
plentiful; crinoids 
abound until the Cre- 
taceous, where they ,■.-■■'■■ ^■- 
b^iu their decluie to ■■ t^ 
their present humble »■ t< 
station. \ ] 

Trilobites and enryp- 
terida are gone. Ten- F,«. 321. A Fossil c^b 

footed crustaceans abound of the primitive loi^-tailed type 
(represented by the lobster and the crayfish), and in the Jurassic 
there appears the modern short-tailed type represented by the 
crabs. The latter type is higher hi organ- 
ization and now far more common. In 
its embryological development it passes 






s Mulh k-, 
A Ostreii (oyster) B Eaogyia C GryphEea 

through the long tailed stage , connecting hnks m the Me8i>- 
zoi(- al'fo mdi(.at« that the younger type is the offshoot of 
the older. 
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Insects evolve along diverse lines, giving rise to beetles, anta, 
bees, and flies. 

Erachiopods have dwindled greatly iu the number of their 
species, while moUusks have coirespondingly increased. The 
great oyster family dates from here. 

Cephalopods are now to have tlieir day. The archaic Or- 
thoceras lingers on into the Triaasic and becomes extinct, but :i 
remarkable development is now at band fur the ranre higlil} 
organized descendants of this 
ancient line. We have noticed 
that in the Devonian the 




sutures of some of the chambered shells become angled, evob'- 
ing the Goniatite type (p. 344). The sutures now become lobed 
and corrugated in Ceratiies. The process was carried still farther, 
and the sutures were elaborately frilled in the great order of 
the Arrvmonitea (Fig. 324). It was iu the Jurassic that the Am- 
monites reached their height No fossils are more abundanl 
or characteristic of their age. Great banks of their shells formed 
beds of limestone in ■watm aaas the world over. 
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The ammonite stem branched into a, most luxuriant variety 
of forms. The typical form was closely coiled like a nautilus 
(Fig. 325). In others (Fig. 326) the coil was more or less ojien, 
or even erected into a spiral. Some were hook-shaped, and there 
were members of the order in which tlie shell was straight, and 
yet retained all the internal structures of its kind. At the end 
of the MtHozoic the entire tribe of ammonites became extinct. 
The Belemnite (Greek, belemnon, a dart) is a 
distinctly higher type of cephalopod which ap- 
peared in the Triassic, became uumeroua and 
varied in the Jurassic and Cretaceous, and died 
out early in the Tertiary. Like the squids and 
cuttlefish, of which it was the prototype, it had 
an internal calcareous shell (Fig, 327). This 
consisted of a chambered and aiphuucled cone 
(Fig. 327, i%), whose point was sheathed in a 
long solid guard (Fig. 327, B) somewhat like a 
dart. The animal carried an ink sac, and no 
doubt used it as lliat ot tlie modem cuttlefish 
is used, — to darken the water and make easy 
an escape from fues. Belemnites have some- 
times been sketclied with fossil sepia, or india 
ink, from their own ink sacs. In the belemnites 
and their descendants, the squids and cuttle- 
Fio. 327, Internal (iah, the cephalopods made the radical change 
Shell of BelenmiM ^^^^ ^j^^ external to the internal shell. They 
abandoned the defensive syst«m of warfare and boldly took up 
the offensive. No doubt, like their descendants, the belenmites 
were exceedingly active and voracious creatures. 

Fishes and amphibians. In the Triassic and Jurassic, little 
progi'ess was made among the fishes, and the ganoid was atill 
the leading type. In the Cretaceous the teleoats, or bony 
fishes (p. 349), made their Appearance, while ganoids declined 
toward their present subordinate place. 
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The amphibians culminated in the Triassic, some being formi- 
dable creatures as large as alligators. They were still of the 
primitive Paleozoic types (p. 364). Their pygmy descendants 
of more modern types are not found until later, salamanders 
appearing first in the Cretaceous, and frogs at the beginning of 
the Cenozoic. 

"No remains of amphibians have been discovered in the Jurassic. Do 
you infer from this that there were none in existence at that time ? 

Reptiles of the Mesozoic 

The great order of Eeptiles made its advent in the Permian, 
culminated in the Triassic and Jurassic, and began to decline 
in the Cretaceous. The advance from the amphibian to the 
reptile was a long forward step in the evolution of the verte- 
brates. In the reptile the vertebrate skeleton now became com- 
pletely ossified. Gills were abandoned and breathing was by 
lungs alone. The development of the individual from the egg 
to maturity was uninterrupted by any metamorphosis, such as 
that of the frog when it passes from the tadpole stage. Yet in 
advancing from the amphibian to the reptile the evolution of 
the vertebrate was far from finished. The cold-blooded, clumsy 
and sluggish, small-brained and unintelligent reptile is as far 
inferior to the higher mammals, whose day was still to come, as 
it is superior to the amphibian and the fish. 

The reptiles of the Permian, the earliest known, were much 
like lizards in form of body. Constituting a transition type 
between the amphibians on the one hand, and both the higher 
reptiles and the mammals on the other, they retained the 
archaic biconcave vertebrae of the fish and in some cases the 
persistent notochord, while some of them, the theromorphs, 
possessed characters allying them with mammals. In these the 
skull was remarkably similar to tliat of the carnivores, or flesh- 
eating mammals, and the teeth, unlike the te^tk ol ^>x^ V^'e^ 
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leptiles, were divisible into inciaois, caoines^ and molars, as are i 

the teeth of mammals (Fig. 328). 

At the opening of the Mesozoic era reptiles were the most 

highly organized and powerful of any animals on the earth. 

New ranges of continental extent were opened to them, food 

was abundant, the climate was congenial^ and they now branched 

into very many diverse types 
which occupied and ruled 
all fields, — the land, the air, 
and the sea. The Mesozoic 
was the Age of Beptiles. 
The ancestry of surviving 

Fig. 828. Skull of a Permian Theromoiph jeptiUan types. We will 

consider first the evolution of the few reptilian types whidi 
have survived to the present. 

Crocodiles, the highest of existing reptiles, are a very ancient 
order, dating back to the lower Jurassic, and traceable to earlier 
ancestral, generalized forms, from which sprang several other 
orders also. 

Turtles and tortoises are not found until the early Jurassic, 
when they already possessed the peculiar characteristics which 
set them off so sharply from other reptiles. They seem to have 
lived at first in shallow water and in swamps, and it is not until 
after the end of the Mesozoic that some of the order became 
adapted to life on the land. 

The largest of all known turtles, Archelon, whose home was the 
great interior Cretaceous sea, was fully a dozen feet in length and must 
have weighed at least two tons. The skull alone is a yard long. 

lizards and snakes do not appear until after the close of the 
Mesozoic, although their ancestral lines may be followed back 
into the Cretaceous. 

We will now describe some of the highly specialized orders 
peculiar to the Mesozoic. 
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Land reptiles. The dinosaurs (terrible reptiles) are an ex- 
tremely varied order which were masters of the laud from 
the late Trias until the close of the Meaozoic era. Some 
were far larger than elephants, some were as small as cats ; 
some walked on all fours, some were bipedal ; some fed on the 
luxuriant tropical foliage, and othei-s on the flesh of weaker 
reptiles. They may be classed in three divisions, — the Jlesh- 
eating dinosaurs, the reptUe-footed dinosaurs, and the leaked 
dinosaurs, — the latter two divisions being herbivorous. 

The flesh-eating diiwsa-urs are the oldest known division of 
the order, and their characteristics are shown in Figure 329. 
Aa a class, reptiles are egg layers {oviparous) ; but some of 
the flesh-eating dinosaurs are known to have been viviparous, 
i.e. to have brought forth their young alive. This group was 
the longest-lived of any of the three, beginnmg ui the Trias 
and continuing to the close of the Mesozoic era. 



I 




Fig. 829. Ceralosaurus 
From Animals of the, Past. By the CourWBy of McClure, Phillips & Co. 

Contrast the Email fore limba, used only for grasping, with the 
powerful hind liirba on which the animal stalked about. Some of the 
species of this group Beam to have been able to prograsB b^ l»*.\rai% \a. 
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kangaroo fashion. Notice the sharp claws, 
the poiiderouH tail, and tlie skuU net ul 
right angles with the spinal coiumu. Tie 
limb bones are hollow. The ceratosanis 
renched a length of some fifteen feet, sod 
were not uncommon in Colorado and ite 
western Ian da in Jurassic times. 

The TcptUe-J'oottd dinosaurs (Sauio- 
poda) include some of the biggest 
hriites which ever trod the gruuniL 
thie of the largest, whose remains are 
found eutombed iu the Jura^ic rocks 
of Wyoming aud Colorado, is shown 
m Figure 330. 

Note the five digits on the hind feel, 
the quaidrupedal gait, the enormous streteb 
uf neck and tail, the small head aligned 
with the Tertebral column. Diplodooiu WM 
fully siity-five feet long and must have 
weighed about twenty tons. The thigb 
bonea of the Sauropada are the largest 
bones which ever grew. That of a genus 
allied to the Diploilocus measures six feet 
and eight inches, and the total length of 
the animal must hare been not far fniui 
eighty feet, the lai^est land animal known. 

The Saiiropoda became extinct 
when their haunts alaiig the rivers 
!ind lakes of the western plains of 
.furaasic times were invaded by the 
Cretaceous interior sea. 

The leaked dinosaurs (Predeotata) 
were distinguished by a beak sheathed 
with horn carried in front of the tootb- 
aet ^aw, oni \»teii,'«e. may imagine, in 
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stripping the leaves and tw^ of trees and shrubs. We may 
notice only two of the most interesting types. 

Stego»auru3 (plated reptile) takes its name from the double row of 
bony plates arranged along its back. The powerful tail was armed 
with long spines, and the thick skin was defended with irregular bibt 
of bone implanted in it. The brain of the stegosaur was sinaller than 
that of any land vertebrate, while in the sacrum the nerve canal was 
enlarged to ten times the capacity of the brain cavity of the skull. 
Despite their feeble wits, this well-armored family lived on through 




Stegosaurus 



millions of ;ears which intervened between their appearance, at the 
opening of the Jurassic, and the close of the Cretaceous, when they 
became extinct. 

A less stupid brute than the stegosaur was Triceralopn, the dinosaur 
of the three horns, — one horn carried on the nose, and a massive pair 
set over the eyes (Fig. 332). Note the enormous wedge-shaped skull, 
with its sharp beak, and the hood behind resembling a fireman's helmet. 
Triceratops was fully twenty-five feet long, and of twice the bulk of an 
elephant. The family appeared in the I'pper Cretaceous and became 
extinct at its close. Their bones are found buried in the fresh-water 
deposits of the time from Colorado to Montana and eastward to the 
Dakotaa. 



THE MESOZOICJ 



Marine reptiles. In the oceaD, reptiles occupied the place 
lujw held by thu aquatic mammals, such as whales and dol- 
phins, and their form and structure were similarly modified to 
suit their environment. In the IdUhyusanTus (fish reptile), for 




pie, the hody waa fishlike in form, with short neck and 
large, pointed head (Fig, ; 

A powerful tai], whose flukes were Bet Tertical, and the lower one o£ 
*hich was vertebral* d, served as propeller, while a large dorsal fin waa 
developeJ as a cutwater. The jiriinilive biconcave vertebrfe of the flsh 




'leslowaunw 



*.nd of the early land vertebrates were retained, and tile liinba degen- 
ir»t«d into short paddles. The skin of tlie ichthj^suur was smooth 
like that of a whale, and its food was largely fish and ceplialopods, as 
the fossil contents of its stomach prove. 

These sea monsters disported along the Pacific shore over 
northern California in Triassic times, and the hones of immense 
membera of the family occur in the Jutasaic tltaSs. ol ^^"3^1 
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like whales and seals, the iehthyosaurs were descended froiu 
laud vertebratea which had become adapted to a marine habitat. 
Plasiaaaurs were another oi'der which ranged throughfuil 
the Mesozoie, Descended from small amphibious animals, they 
later included great ( 
marine reptiles, 
characterized m tlie 
typical genua by 
long neck, anakelike 
head, and immeus*; 
paddles. Theyswaiu 
iu the Cretaceous 
interior aea of west- 
em North America. 
Mosasaurs belutig 
to the same order 
as do snakes aud 
lizards, and are an 
ofTshoot of the same 
ancestral line o' 
land reptiles. These 
Hnakelike creatuKS 

— which measmed 
as much as forty- 
five feet in length 

— abounded in tk 
Cretaceous seas. 

They had large cotiieaJ teeth, and their limbs had become 
stout paddles. 

The lower jaw of the niosaaaur waa jointed ; the quadrate boiiei 
which in all reptiles connectH the bone of the lower jaw with the skuU' 
was movable, and as in anakes the low^r jaw could be UBed in llinist- 
'\ng prey down the throat. The family became exlinut at the endof tlw 
Meaozoic, and left no deBoeiviatvte. Owe ■kvb.-j 'waVui^R the moveioent of 



Fig. 335. Resloration of a 
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the lower jaw of the mosasaur by extending the arms, clasping the 
hands, and bending the elbows. 

Flying reptiles. The atmosphere, which had hitherto been 
tenanted only by insects, was first conquered by the verte- 

brates in the 
Mesozoic. Pter- 
osaurs, winged 
reptiles, whose 
whole organism 
was adapted for 
flight through the 
air, appeared in 
the Jurassic and passed off the stage of existence before the 
end of the Cretaceous. The bones were hollow, as are those of 
birds. The sternum, or breastbone, was given a keel for the 
attachment of the wing muscles. The fifth finger, prodigiously 




Fig. 336. Restoration of a Pterosaur 




Fig. 337. Skeletons of the Pterosaur Oniithostoma, A, 

and of the Condor, B 

After Lucas 

lengthened, was turned backward to support a membrane which 
was attached to the body and extended to the base of the tail. 
The other fingers were free, and armed with sharp and delicate 
claws, as shown in Figures 336 and 337. 
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These "dragons of the air" varied greatly in size; some were u 
aniall as sparrows, while others surpassed in stretch of wing the largest 
birds of the present day. They may be divided into two groups. The 
Kliert group comprises genera with jaws set with teeth, and with long 
tails sometimes praiided 
with a rnddetlike ei- 
pansion at the end. In 
their successors of iJui 
lat«r group the tail hi 
become short, and id 
some of the genera the 
teeth had disappeared 
Among the latest of the 
flying reptili 
IhoMama (bird beak], the 
largest creature whi 
ever flew, and whose 
mains are imbedded in 
the offshore deposil* of 
the Cretaceous sea whicti 
held sway 

ern plains. OmitLoito- 
ma's spread of wings 
was twenty feet In 
bonea were a marvel of 
lightne 

skeleton, even in iU pet- 
rified condition, not 
weighing more than five 
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sharp beak, a yard long, 
was toothless and 
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Birds. The earliest-kuown birds are found in the Jurassii:. 
and dui'Uit,' the remaiuder of the Mesozoic they contended with 
the flying replilea for tte emi^iie of the air. The first 
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creatures were very different from the birds of to-day. Their 
characteristics prove them an offshoot of the dinosaur line 
of reptiles. Archceopteryx {ancient bird) (Fig. 338) exhibits a 
strange mingling of bird and reptile. like birds, it was fledged 
with perfect feathers, at least on wings and tail, but it retained 
the teeth of the reptile, and its long tail was vertebrated, a pair 
of feathers springing from each joint. Throughout the Jurassic 
and Cretaceous the remains of birds are far less common than 
those of flying reptiles, and strata representing hundreds of 
thousands of years intervene between Archaeopteryx and the 
next birds of which we know, whose skeletons occur in the 
Cretaceous beds of western Kansas. 

Mammals. So far as the entries upon the geological record 
show, mammals made their advent in a very humble way dur- 
ing the Trias. These earliest of vertebrates which suckle their 
young were no bigger than young 
kittens, and their strong affinities 
with the theromorphs suggest that 
their ancestors are to be found 
among some generalized types of ^^^' ^^^- Jawbone of a 
that order of reptiles. ''"'^'^"= ^^^"''"^l 

During the long ages of the Mesozoic, mammals continued 
small and few, and were completely dominated by the reptiles. 
Their remains are exceedingly rare, and consist of minute scat- 
tered teeth, — with an occasional detached jaw, — which prove 
them to have been flesh or insect eaters. In the same way 
their affinities are seen to be with the lowest of mammals, — 
the monotremes and marsupials. The monotremes, — such as 
the duckbiU mole and the spiny ant-eater of Australia, reproduce 
by means of eggs resembling those of reptiles ; the marsupials, 
such as the opossum and the kangaroo, bring forth their young 
alive, but in a very immature condition, and carry them for 
some time after birth in the marsupium, a pouch on the ventral 
side of the body. 




CHAFFEE XXI 
THE TERTIARY 

The Cenozoic era. The last stages of the Cretaceous aie 
marked by a decadence of the reptilea By the end of that 
period the reptilian forms characteristic of the tame had become 
extinct one after another^ leaving to represent the class only 
the types of reptiles which continue to modem timea The day 
of the ammonite and the belemnite also now drew to a doee, 
and only a few of these cephalopods were left to survive the 
period. It is therefore at the close . of the Cretaceous that the 
line is drawn which marks the end of the Middle Age of geol- 
ogy and the beginning of the Cenozoic era, the era of modem 
life, — the Age of Mammals. 

In place of the giant reptiles, mammals now become masters 
of the land, appearing first in generalized types which, during 
the long ages of the era, gradually evolve to higher forms, more 
specialized and ever more closely resembling the mammals of 
the present. In the atmosphere the flying dragons of the Meso- 
zoic give place to birds and bats. In the sea, whales, sharks, 
and teleost fishes of modern types rule in the stead of huge 
swimming reptiles. The lower vertebrates, the invertebrates of 
land and sea, and the plants of field and forest take on a modem 
aspect, and differ little more from those of to-day than the 
plants and animals of different countries now differ from one 
another. From the beginning of the Cenozoic era until now 
there is a steadily increasing number of species of animals and 
plants wliich have continued to exist to the present time. 

The Cenozoic era comprises two divisions, — the Tertiary 
period and the Quaternary period. 
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In the early days of geology the formations of the entire geological 
record, so far as it was then known, were divided into three groups, — 
the Primary, the Secondary (now known as the Mesozoic), and the Ter- 
tiary, When the third group was subdivided into two systems, the term 
Tertiary was retained for the first system of the two, while the term 
Quaternary was used to designate the second. 

Divisions of the Tertiary. The formations of the Tertiary 
are grouped in three divisions, — the Pliocene (more recent), the 
Miocene (less recent), and the Eocene (the dawn of the recent). 

Each of these epochs is long and complex. Their various sub- 
divisions are distinguished each by its own peculiar organisms, 
and the changes of physical geography recorded in their strata. 
In the rapid view which we are compelled to take we can note 
only a few of the most conspicuous events of the period. 

Physical geography of the Tertiary in eastern North America. 
The Tertiary rocks of eastern North America are marine de- 
posits and occupy the coastal lowlands of the Atlantic and Gulf 
states (Fig. 260). In New England, Tertiary beds occur on the 
island of Martha's Vineyard, but not on the mainland ; hence 
the shore line here stood somewhat farther out than now. From 
New Jersey southward the earliest Tertiary sands and clays, still 
unconsolidated, leave only a narrow strip of the edge of the 
Cretaceous between them and the Triassic and crystalline rocks 
of the Piedmont oldland ; hence the Atlantic shore here stood 
farther in than now, and at the beginning of the period the 
present coastal plain was continental delta. A broad belt of 
Tertiary sea-laid limestones, sandstones, and shales surrounds 
the Gulf of Mexico and extends northward up the Mississippi 
einbayment to the mouth of the Ohio River ; hence the Gulf 
was then larger than at present, and its waters reached in a 
broad bay far up the Mississippi valley. 

Along the Atlantic coast the Mesozoic peneplain may be 
traced shoreward to where it disappears from view beneath 
an unconformable cover of early Tertiary marine strata. The 
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beginning of the Tertiary was therefore marked by a subsidence. 
The wide erosion surface which at the close of the Mesozoic 
lay near sea level where the Appalachian Mountains and their 
neighboring plateaus and uplands now stand was lowered gently 
along its seaward edge beneath the Tertiary Atlantic to receive 
a cover of its sediments. 

As the period progressed slight oscillations occurred from 
time to time. Strips of coastal plain were added to the land, 
and as early as the close of the Miocene the shore lines of the 
Atlantic and Gulf states had reached well-nigh their present 
place. Louisiana and Florida were the last areas to emerge 
wholly from the sea, — Florida being formed by a broad trans- 
verse upwarp of the continental delta at the opening of the 
Miocene, forming first an island, which afterwards was joined to 
the mainland. 

The Pacific coast. Tertiary deposits with marine fossils 
occur along the western footliills of the Sierra Nevadas, and 
are crunn)led among the mountain masses of the Coast Ranges; 
it is hence inferred that tlie Great Valley of California was 
then a border sea, separated from the ocean by a chain of 
mountainous islands which were upridged mto the Coast Ranges 
at a still later time. Tertiary marine strata are spread over 
the lower Columbia valley and that of Puget Sound, showing 
that the Pacific came in broadly there. 

The interior of the western United States. The closing stages 
of the Mesozoic were marked, as we have seen, by the up 
heaval of the Rocky Mountains and other western ranges. Tlie 
bases of the mountains are now skirted by widespread Tertiary 
deposits, wliich form the highest strata of the lofty plateaus from 
the level of whose summits the moimtains rise. Like the re- 
cent alluvium of the Great Valley of California (p. 101), these 
deposits imply low-lying lauds when they were laid, and there- 
fore at that time the mountains rose from near sea level 
But the height at wliich the Tertiary strata now stand — five 
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thousand feet above the sea at Denver, and twice that height in 
the plateaus of southern Utah — proves that the plateaus of 
which the Tertiary strata form a part have been uplifted during 
the Cenozoic During their uplift, warping formed extensive 
basins both east and west of the BockieSy and in these basins 
streamnswept and lake-laid waste gathered to depths of hun- 
dreds and thousands of feet, as it is accumulating at present in 
the Great Yalley of California and on the river plains of Turkes- 
tan (p. 103). The Tertiary river deposits of the High Plains 
have already been described (p. 100). How widespread are 
these ancient river plains and beds of fresh-water lakes may be 
seen in the map of Figure 260. 

The Bad Lands. In several of the western states hirge areas of Ter- 
tiary fresh-water deposits have been dissected to a maze of hills whose 
steep sides are cut with innumerable ravines. The deposits of these 
ancient river plains and lake beds are little cemented and because of 
the dryness of the climate are unprotected by vegetation ; hence they 
are easily carved by the wet- weather rills of scanty and infrequent rains. 
These waterless, rugged surfaces were named by the early French 
explorers the Bad Lands because they were found so difficult to traverse. 
The strata of the Bad Lands contain vast numbers of the remains of the 
animals of Tertiary times, and the large amount of barren surface 
exposed to view makes search for fossils easy and fruitful. These 
desolate tracts are therefore frequently visited by scientific collecting 
expeditions. 

Mountain making in the Tertiary. The Tertiary period 
included epochs when the earth's crust was singularly unquiet. 
From time to time on all the continents subterranean forces 
gathered head, and the crust was bent and broken and upridged 
in lofty mountains. 

The Sierra Nevada range was formed, as we have seen, by 
strata crumpling at the end of the Jurassic. But since that 
remote time the upfolded mountains had been worn to plains 
and hilly uplands, the remnants of whose uplifted erosion 
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surfaces may now be traced along the western mountain slopes. 
Beginning late in the Tertiary, the region was again affected by 
mountain-making movements. A series of displacements along 
a prof oimd fault on the eastern side tilted the enormous earth 
block of the Sierras to the west, lifting its eastern edge to form 
the lofty crest and giving to the range a steep eastern front and 
a gentle descent toward the Pacific. 

The Coast Ranges also have had a complex history with many vicis- 
situdes. The earliest foldings of their strata belong to the close of the 
Jurassic, but it was not until the end of the Miocene that the line of 
mountainous islands and the heavy sediments which had been deposited 
on their submerged flanks were crushed into a continuous mountain 
chain. Thick Pliocene beds upon their sides prove that they were 
depressed to near sea level during the later Tertiary. At the close of 
the Pliocene the Coast Ranges rose along with the upheaval of the 
Sierra, and their gradual uplift has continued to the present time. 

The numerous north-south ranges of the Great Basin and the Mount 
Saint Elias range of Alaska were also uptilted during the Tertiary. 

During the Tertiary period many of the loftiest mountains 
of the earth — the Alps, the Apennines, the Pyrenees, the 
Atlas, the Caucasus, and the Himalayas — received the uplift 
to which they owe most of their colossal bulk and height, as 
portions of the Tertiary sea beds now found high upon their 
flanks attest. In the Himalayas, Tertiary marine Umestones 
occur sixteen thousand five hundred feet above sea level. 

Volcanic activity in the Tertiary. The vast deformations of 
the Tertiary were accompanied on a corresponding scale by out- 
pourings of lava, the outburst of volcanoes, and the intrusion of 
molten masses within the crust. In the Sierra Nevadas the 
Miocene river gravels of the valleys of the western slope, with 
their placer deposits of gold, were buried beneath streams of 
lava and beds of tuff (Fig. 258). Volcanoes broke forth along 
the Eocky Mountains and on the plateaus of Utah, New Mexico, 
and Arizona. 
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Mount Shasta and the iimuenBe volcanic piles of the Cascadea 
date from this period. The mouutain basin of the Yellowstone 
Park was filled to a depth of sevei-al thousand feet with tuffa 
and lavas, the oldest dating aa far hack as the beginning of the 
Tertiary. Ci-audall volcano (p. 263) waa rtiared in the Miocene 
and the latest eraptions of the Park ai'C far more recent 

The Columbia and Snake River lavas. Still more impor- 
tant i.i the plateau Lif lava, more than two hundred thousand 
square miles in area, fxtenihng fi'om the Yellowstone Park to th6 
Cascade Mountains, 


' which has been built 
from Miocene times lu 
^^^^^^^^^^^^^^^^^H the 

^^^^^^^^^^^^^^^^^^^^^H large pr- 

F,., 341. L..v« ]'hu.m, with Lavii Domea ^^'^'"^ '"^ northern 
iL lh,= l)i.U„«, Idaha California and Nevad*, 
the country rock is bs- 
Baltic lava. For thousaDds of square miles the surface is a lafa pisin 
which lueeta the boundary mouataina as a lake or sea meets a mgged 
and deeply indented coast. The floods of molten rock spread up the 
mountain valleys for a score of miles and more, the intervening spurs 
rising above the lava like long peninsulas, while here and there an 
isolated peak was left to tower above the inundation like an island i 
ofE a submerged shore. 

The rivers which drain the plateau — the Snake, the Columbia, and 
their tributaries — have deeply trenched it, yet their canyons, which reuob 
the depth of several thousand feet, have not been worn to the base of tlie 
lavaexcept near the margin aud where they cut the summits of mountains 
drowned beneath the flood. Here and tliere the plai#ai>.,haa been . 
deformed. It has been upbent into great folds, and broken tnto^?ffieB» J 
blocks of bedded lava, forming mountain ranges, which run pSf 
with the Pacific coast line. On the edges of these tUted blocks t. 
tbickiteas of the lava is seen to be t\i\lY fi-ie thousand feet. The plateaa i 
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has been built, like that of Iceland (p. 242), of innumerable overlapping 
sheets of lava. On the canyon walls they weather back in horizontal 
terraces and long talus slopes. One may distinguish each successive 
flow by its dense central portion, often jointed with large vertical col- 
umns, and the upper portion with its mass of confused irregular columns 
and scoriaceous surface. The average thickness of the flows seems to 
be about seventy-five feet. 

The plateau was long in building. Between the layers are found in 
places old soil beds and forest grounds and the sediments of lakes. 
Hence the interval between the flows in any locality was sometimes 
long enough for clays to gather in the lakes which filled depressions in 
the surface. Again and again the surface of the black basalt was 
reddened by oxidation and decayed to soil, and forests had time to grow 
upon it before the succeeding inundation sealed the sediments and soils 
away beneath a sheet of stone. Near the edges of the lava plain, rivers 
from the surrounding mountains spread sheets of sand and gravel on 
the surface of one flow after another. These pervious sands, interbedded 
with the lava, become the aquifers of artesian wells. 

In places the lavas rest on extensive lake deposits, one thousand feet 
deep, and Miocene in age as their fossils prove. It is to the middle Ter- 
tiary, theUj that the earliest flows and the largest bulk of the great inun- 
dation belong. So ancient are the latest floods in the Columbia basin 
that they have weathered to a residual yellow clay from thirty to sixty 
feet in depth and marvelously rich in the mineral substances on which 
plants feed. 

In the Snake River valley the latest lavas are much younger. Their 
surfaces are so fresh and undecayed that here the effusive eruptions may 
well have continued to within the period of human history. Low lava 
domes like those of Iceland mark where last the basalt outwelled and 
spread far and wide before it chilled (Fig. 341). In places small mounds 
of scoria show that the eruptions were accompanied to a slight degree 
by explosions of steam. So fluid was this superheated lava that recent 
flows have been traced for more than fifty miles. 

The rocks underlying the Columbia lavas, where exposed to view, 
are seen to be cut by numerous great dikes of dense basalt, which mark 
the fissures through which the molten rock rose to the surface. 

^ The Tertiary included times of widespread and intense vol- 
la fifliic action in other continents as well as in ^ox^\^ kxs^^^^ia^ 
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Li Eurc^ Vesuyiua (Fig. 231) and Etna b^an their career a '- 
Bubmaiine volcanoes in connection with earth movements whid^^ 
finally lifted Pliocene deposits in ^cily to their present height, — ~ 
four thousand feet above the sea. Volcanoes broke forth in centi 
France and southern Germany, in Hungary and the Garpat 
Innumerable fissures opened in the crust from the north of 
land and the western islands of Scotland to the Yaxosa, I( 
and even to arctic Greenland ; and here great plateaus were bi 
of flows of basalt si 
to that of the Columbii 
Biver. In India, at thd 
opening of the TertiaiyJ 
there had been an out-1 
wellii^ of basalt, flood- 
ing to a depth of thoi ' 
BEindaof feettwohundrea 
thousand square miles of 
the northwestern part of 
the peninsula (Fig, 342), 
and similar inuudatioDS 
of lava occurred where 
are now the table-lands 
of Abyssinia. From the 
middle Tertiary on, Asia 
Minor, Arabia, and Peraia 
In Palestine the rise of the 




Pig. 342. Map showing the Lava Rhi 
{shaded area) of Western India 



were the scenes of volcanic action, 
uplands of .Tudea at the close of the Eocene, and the down- 
faulting of the Jordan valley (p. 221) were followed by vol- 
camc outbursts. In comparison with the middle Tertiary, the 
present is a tune of volcanic inactivity and repose. 

Erosion of Tertiary mountains and plateaus. The mountains 
and plateaus built at various times during the Tertiary and at 
its commencpment have been profoundly carved by erosive 
The Sierra SevaiB. TAo^mWas have been dissected on 



THE TERTIARY 403 

Ittiie western slope by such canyons as those of King's Eiver and 
^e Yosemite. Six miles of strata have been denuded from parts 
of the Wasatch Mountains since their rise at the beginning of 
^ the era. From the Colorado plateaus^ whose uplift dates from the 
^.same time, there have been stripped oflf ten thousand feet of 
^strata over thousands of square miles, and the colossal canyon 
of the Colorado has been cut after this great denudation had 
n mostly accomplished (Fig. 130). 

On the eastern side of the continent, as we have seen, a 
peneplain had been developed by the close of the Creta- 
,ceous. The remnants of tliis old erosion surface are now found 
upwarped to various heights in different portions of its area. 
In southern New England it now stands fifteen hundred feet 
[ abeve the sea in western Massachusetts, declining thence south- 
: vard and eastward to sea level at the coast. In southwestern 
. Virginia it has been lifted to four thousand feet alx)ve the sea. 
' Manifestly this upwarp occurred since the peneplain was formed ; 
it is later than the Mesozoic, and the vast dissection which the 
peneplain has suffered since its uplift must Ijelong to the suc- 
cessive cycles of Cenozoic time. 

Eevived by the uplift, the streams of the area trenched it as 
deeply as its elevation permitted, and reaching grade, opened up 
wide valleys and new peneplains in the softer rocks. The Con- 
necticut valley is Tertiarj' in age, and in the weak Triassic 
sandstones (p. 370) has lx;en v^-idened in places to fifteen miles. 
Bating from the same time are the valleys of the Hudson, the 
Susquehanna, the Delaware, the Potomac, and the Shenandoah. 
In Pennsylvania and the states lying to the south the Mes^> 
zoic peneplain lies along the summits of the mountain ridges. 
On the surface of this ancient plain, Tertiary erosion etched out 
the beautifully regular jiatteni of the Allegheny mountain 
ridges and their inter\'ening valleys. Tlie weaker strata of the 
long, regular folds were er^xled into longitudinal valleys, while 
the hard Paleozoic .sandstones, such as the Medina (p. 335) 
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aud the F con (p "iU) w re left u rel ef as bold mountain 
walls wh( e even ere s n e to tbe ommon level nf the in d 
plain. From \ gmia far mto \labama the frreat Appalachian 
valley was opened to a width m plaoea of fif y mil s and more, 
along a belt of inte s Iv f IJed and faulted t ata where on 
was tbe h art of ht Appdla, h|ftn Momitama In t gure 




Ffo. 34S. DiiigraiD of the ^llephenv Moimtains Penn^lvania 
From Davis' Elu teiUary 1 1 yi ral Geoi/raphj 

the aumniit of the Cumberlaud plateau (ab) marks the level 
of the Mesozoic peneplam, while the lower erosion levels are 
Tertiary and Quaternary in age. 

Life of the Tertiary Peeiod 
Vegetation and climate. The highest ]>lants in structure, the 
dicotyls (such as our deciduous forest trees) and the monocotyl* 
(represented by the palms), were introduced during the Creta- 
ceous. The vegetable kingdom reached its culmination before 
the animal kingdom, and if the dividing line between the Meso 
zoic and the Cenozoic were dtawu according to the {^ogieas <A 
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plant life, the Cretaceous instead of the Tertiary would be made 
the opening period of the modem era. 

The plants of the Tertiary belonged, for the most part, to gen- 
era now living; but their distribution was very different from 
that of the flora of to-day. In the earlier Tertiary, palms flour- 
ished over northern Europe, and in the northwestern United 
States grew the magnolia and laurel, along with the walnut, 
oak, and elm. Even in northern Greenland and in Spitz- 
bergen there were lakes covered with water lilies and sur- 
rounded by forests of maples, poplars, limes, the cypress of our 
southern states, and noble sequoias similar to the " big trees " 
and redwoods of California. A warm climate like that of the 
Mesozoic, therefore, prevailed over North Aftierica and Europe, 
extending far toward the pole. In the later Tertiary the climate 
gradually became cooler. Palms disappeared from Europe, and 
everywhere the aspect of forests and open lands became more 
like that of to-day. Grasses became abundant, furnishing a new 
food for herbivorous animals. 

Animal life of the Tertiary. Little needs to be said of the 
Tertiary invertebrates, so nearly were they like the invertebrates 
of the present. Even in the Eocene, about five per cent of 
marine shells were of species still living, and in the Pliocene 
the proportion had risen to more than one half. 

Fishes were of modern types. Teleosts were now abundant. 
The ocean teemed with sharks, some of them being voracious 
monsters seventy-five feet and even more in length, with a gape 
of jaw of six feet, as estimated by the size of their enormous 
sharp-edged teeth. 

Snakes are found for the first time in the early Tertiary. 
These limbless reptUes, evolved by degeneration from lizardlike 
ancestors, appeared in nonpoisonous types scarcely to be dis- 
tinguished from those of the present day. 

Mammals of the early Tertiary. The fossils of continental 
deposits of the earliest Eocene show that a marked advance had 
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now been made iu the evolution of the Maoimaha. The hi^ei 
mammals had appeared, and henceforth the lower mammals— 
the monotremea and the marsupials — are reduced to a subordi- 
iiate place. 

These first true mammals were archaic and generalized in 
structure. Their feet were of the primitive type, with five toes 
of about equal leugth. They were also planiii/radea, — that is, 
they touched the ground with the sole of the entire foot from 
toe to heel No foot had yet become adapted to swift ninniiig 
by a ilecrtiaHe in the number of iligits and by lifting the hed and 




Phenacodua i 
specieB varied in 



1 characteristic geims of the early Eocene, wbose 
e froni that of a bulldog to that of an animal a little 



sole so that only th(i tot^s touch the j;i-<)ii]id, — a tread called 
digitigrade. Nor was there yet any foot like that of the cats, 
with sharp retractile claws adapted to seizing and tearing the 
prey. The forearm and the lower leg each had still two separate 
bones {ulna and radius, fibula and tibia), neither pair having 
been replaced with a single strong bone, as in the leg of the hoi^ft 
The teeth also were primitive in type and of full number. ITie 
complex heavy grinders of the horse and elephant, the sharp cut- | 
ting teeth of the camivorea, and the cropping teeth of the grass 
eatera were all still to come. 



THE TERTIARY 407 

larger than a sheep. Its feet were primitive, and their five toes bore nails 
intermediate in form between a claw and a hoof. The archaic type of 
teeth indicates that the animal was omnivorous in diet. A cast of the 
brain cavity shows that, like its associates of the time, its brain was 
extremely small and nearly smooth, having little more than traces of 
convolutions. 

The long ages of the Eocene and the following epochs of the 
Tertiary were times of comparatively rapid evolution among the 
Mammalia. The earliest forms evolved along diverging lines 
toward the various specialized types of hoofed mammals, rodents, 
carnivores, proboscidians, the primates, and the other mammalian 
orders as we know them now. We must describe the Tertiary 
mammals very briefly, tracing the lines of descent of only a few 
of the more familiar mammals of the present. 

The horse. The pedigree of the horse runs back into the 
early Eocene through many genera and species to a five-toed,^ 
short-legged ancestor httle bigger than a cat. Its descendants 
gradually increased in stature and became better and better 
adapted to swift rimning to escape their foes. The leg became 
longer, and only the tip of the toes struck the ground. The 
middle toe (digit number three), originally the longest of the 
five, steadily enlarged, while the remaining digits dwindled and 
disappeared. The inner digit, corresponding to the great toe and 
thumb, was the first to go. Next number five, the httle finger, 
was also dropped. By the end of the Eocene a three-toed genus 
of the horse family had appeared, as large as a sheep. The hoof 
of digit number three now supported most of the weight, but 
the slender hoofs of digits two and four were still serviceable. 
In the Miocene the stature of the ancestors of the horse increased 
to that of a pony. The feet were still three-toed, but the side 
hoofe were now mere dewclaws and scarcely touched the ground. 
The evolution of the family was completed in the Pliocene. 

1 Or, more accurately, with four perfect toes and a rudimentary fifth corre- 
sponding to the thumb. 
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Fio. 345. Development of Forefoot 
(A), the Forearm (B), and Molar 
(C), of tbe Horse Familj 



Hie middle toe was enlarged stall 
more, the side toea were dropped, 
and the palm and foot bones 
whic^ supported them were le- 
duced to spUnta. 

While theee changes were in 
progress the raditts and nlns of 
the fore limh hecame consdi- 
dated to a single bone ; and in 
tbe-hind limb tiie fibula dwindled' 
to a splint, while the tibia was 
correspondingly enlarged. The 
molars also gradually lengthened, 
and became more and more coin- 
plex on their grinding surface; 
the neck became longer; tbe 
brain steadily increased in Eoze 
and its convolutions became 
more abtmdant. Tbe evolution 
of the horse has made for greater 
fleetiiess and intelligence. 

The rhinoceros and tapii. 
These animals, which are grouped 
with the horse among the odd- | 
toed (perissodaetyl)mammal8,are I 
now verging toward extinctioa 
In the rhinoceros, evolution 
seems to have taken the opposite j 
course from that of the horse. 
As tbe animal increased in size ' 
it became more clumsy, its limbs 
became shorter and more mas- j 
sive, and, perhaps because of ita 
^esA:"«ft\^t,the number of digits 
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were not reduced below the number three. Like other large 
herbivores, the rhinoceros, too slow to escape its enemies by 
flight, learned to withstand them. It developed as its means 
of defense a nasal horn. 

Peculiar ofEshoota of the line appeared at various times in the Ter- 
timy. A rhinoceros, semiaquatic in habits, with curved tusks, resembling 
in aspect the hippopotamus, lived along the water courses of the plains 
east of the Rockies, and its bones are now found by the thousands in 
the Miocene of Kansas. Another developed along a line parallel to 
that of the horse, and herds of these light-limbed and swift-footed run- 
ning rhinoceroses ranged the Great Plains from the Dakotas southward. 




Fig. 348. A Tertiary Mastodon 

The tapirs are an ancient family which has changed but 
little since it separated from the other perissodactyl stocks in 
the early Tertiary. At present, tapirs are found only in South 
America and southern Asia, — a remarkable distribution which 
we could not explain were it not that the geological record 
shows that during Tertiary times tapirs ranged throughout the 
northern hemisphere, making their way to South America late 
in that period. During the Pleistocene they became extinct over 
all the intervening lands between the widely separated regions 
where now they live. The geographic distribution of animals, 
as well as their relationships and origins, can be understood 
only thioi^ a study of their geological history. 
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The proboscidians. This unique order of hooFed mammals, oF 
whif.li the elephiiiit Is tlie. sole survivor, begau.so far as known, 
in the Eoeeue, in b^^jiit, with a piglike amjeetor the size of a 
small horae, with cheek teeth like the Mastodon's, but waul- 
ing both trunk and tusks. A proboscidian name next witb 
fuur short tusks, and in the Miocene 
there followed a Mastodon (Fig. 346) 
armed with two paii's of long, straight 
tusks on which rested a flexible pro- 
boscis. 

The Dinolhere was a curious offsboal 
nf llie line, which developed in the Mio- 
ct'UP in Europe. In this inimenae pro- 
I II IS! ■Mian, whose skull was three feet 
long, tlie upper pair of tusks had disap- 
peared, and those of the loiver jaw were 
lient down with a backward curve in 
il of Ditiotht^re walrus fashion. 

In the true elephants, which do nut appear until near the close 

of the Tertiaiy, the lower jaw loses it« tusks and the grinding 

teeth become exueetUngly complex in structure. The grinding 

.^^rfc. j-^. ^^ teeth of the mastodon 

had long roots and low 

crowns crossed by four 







(■ live 
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I'idges. In the teeth of 
the true elephants the 
crown has become deep, 
and the ridges o£ enamel 
have changed to numerous upright, platelike folds, their inter- 
spaces filled vrith cement. The two genera ^ Mastodon and 
Elephant — are connected by species whose teeth are interme- 
diate in pattern. The proboscidians culminated in the Pliocene, 
when some of the giant elephants reached a height of fourteen feet. 
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The artlodactyls comprise the hoofed Mammalia which have 
an even uuniber of toes, such as cattle, sheep, and swine, like 
the perissodactyls, 
they are descended 
from the primitive 
five-toed planti- 
grade mammals of 
the lowest Eocene. 
In their evolution, 
digit numher one 
was first dropped, 
and the middle pair 

became larger and more massive, while the side digits, numhera 
two and five, became sliorter, weaker, and leas serviceable. The 




t Elephant, 



I 




!. 350. Evolution of the Artiodactyl Fot 
Existing FamllieR 
A, pig; it, roebuck; C, Bhoep; D, a 



four-toed artiodactyls culminated in the Tertiary; at preaent 
they are represented only by the hippopotamus and the Iwa^, 
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Along the main line of the evolution of the artiodactyls the 
side toes, digits two and five, disappeared, leaving as proof that 
they once existed the corresponding bones of palm and sole as 
splints. The two-toed artiodactyls, such as the camels, deer, 
cattle, and sheep, are now the leading types of the herbivores. 
Svnne and peccaries are two branches of a common stock, 
the first developing in the Old World and the second in the 
New. In the Miocene a noticeable offshoot of the line was a 
gigantic piglike brute, a root eater, with a skull a yard in length, 
whose remains are now found in Colorado and South Dakota. 

Camels and llamas. The line of camels and llamas developed in 
North America, where the successive changes from an early Eocene 
ancestor, no larger than a rabbit, are traced step by step to the present 
forms, as clearly as is the evolution of the horse. In the late Miocene 
some of the ancestral forms migrated to the Old World by -way of a land 
connection where Bering Strait now is, and there gave rise to the camels 
and dromedaries. Others migrated into South America, which had now 
been connected with our own continent, and these developed into the 
llamas and guanacos, while tliose of the race which remained in North 
America became extinct during the Pleistocene. 

Some peculiar branches of the camel stem appeared in North America. 
In the Pliocene arose a llama with the long neck and limbs of a giraffe, 
whose food was cropped from the leaves and branches of trees. Far 
more generalized in structure was the Oreodon, an animal related to 
the camels, but with distinct affinities also with other lines, such as 
those of the hog and deer. These curious creatures were much like the 
peccary in appearance, except for their long tails. In the middle Eocene 
they roamed in vast herds from Oregon to Kansas and Nebraska. 

The ruminants. This division of the artiodactyls includes 
antelopes, deer, oxen, bison, sheep, and goats, — all of which be- 
long to a common stock which took its rise in Europe m the upper 
Eocene from ancestral forms akin to those of the camels. In 
the Miocene the evolution of the two-toed artiodactyl foot was 
well-nigh completed. Bonelike growths appeared on the head, 
and the two groups of the ruminants became specialized, — the 
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deer with bony antlers, shed and renewed each year, and the 
ruminants with hollow horns, whose two bony knobs upon 
the skull are covered with permanent, pointed, horny sheaths. 

The ruminants evolved in the Old World, and it was not until the 
later Miocene that the ancestors of the antelope and of some deer found 
their way to North America. Mountain sheep and goats, the bison and 
most of the deer, did not arrive until after the close of the Tertiary, 
and sheep and oxen were introduced by man. 

The hoofed mammals of the Tertiary included many offshoots from 
the main lines which we have traced. Among them were a number of 
genera of clumsy, ponderous brutes, some almost elephantine in their 
bulk. 

The carnivores. The ancestral lines of the families of the 
flesh eaters — such as the cats (Hons, tigers, etc.), the bears, the 
hyenas, and the dogs (including wolves and foxes) — converge 
in the creodonts of the early Eocene, — an order so generalized 
that it had aflBnities not only with the carnivores but also with 
the insect eaters, the marsupials, and the hoofed mammals as 
well. From these primitive flesh eaters, with small and simple 
brains, numerous small teeth, and plantigrade tread, the different 
families of the carnivores of the present have slowly evolved. 

Dogs and bears. The dog family diverged from the creodonts 
late in the Eocene, and divided into two branches, one of which 
evolved the wolves and the other the foxes. An offshoot gave 
rise to the family of the bears, and so closely do these two 
families, now wide apart, approach as we trace them back in 
Tertiary times that the Amphicyon, a genus doglike in its teeth 
and bearhke in other structures, is referred by some to the dog 
and by others to the bear family. The well-known plantigrade 
tread of bears is a primitive characteristic which has survived 
from their creodont ancestry. 

Cats. The family of the cats, the most highly specialized of all 
the carnivores, divided in the Tertiary into two main branches. 
One, the saber-tooth tigers (Fig. 351), which takes its naiua feoivsi. 
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^^H their long, saberlike, 8liari>e(lgecl upper canine teeth, evobel s 

^^H succeBsioQ o[ genera and species, among them some of the moa 

^^H destructive beasts of prey which ever scourged the earth. Thej 

^^H were mastevs of the entire northern hemisphere during 

^^H middle Tertiary, but in Europe during the PUoceue they declined, 

^^H from unknown causes, and gave place to the other branuh of 

^^B cats, — which includes the hons, t^rs, and leopai-ds. In tlw 

^^H Americas the saber-tooth t^ers long survived the epoch 




Fid. S51. Baber-Tooth Tiger 

Marine mammals. Tlie carnivorous mammals of the sea — 
whales, seals, walruses, etc. — seem to have been derived from 
some of the creodouts of the early Tertiary by adaptation to 
aquatic hfe. Whales evolved from some land ance.'^try at a very 
early date in the Tertiary ; in the marijie deposits nf the Eocenfi 
ore found the bones of the Zeu^lodon, a whalelike creature 
seventy feet in- length 

Primates. This order, which includes lemurs, monkeys, apes, 
and man, seems to have sprung from a creodout or insectivorous 
ancestry in the lower Eocene. Lemur-like types, with small, 
smooth brains, were abundant in the United States in tlie 
early Tertiaiy, but no primates have been found here in llie mitl- 
dle Tertiary and later altata. la. E-y-co^e true monkeys were 
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introduced in the Miocene, aad were abundant ui 
of the Tertiary, when they were driven from the 
the increasing cold. 

Advance of the Mammalia during the Tertiary. 
several milliona of years eompriseil in Tertiary tii 
Tnals evolved from the lowly, simple types which 
earth at the beginning of the period, into the m 
highly specialized mammals of the Pleistocene anc 
each with the various structures of the body adapt 
peculiar mode of lite. The swift feet of the horse, 
cattle and the antlers of the deer, the Hon's clav 
the long incisors of the beaver, the proboscis of 
were aU developed in Tertiary times. In especial 
the Tertiary mammals constantly grew larger reh 
size of body, and the higher portion of the brain — 
lobes - — increased in size in comparison with th( 
Some of the hoofed mammals now have a brain 
times tlie size of that of their early Tertiary predece 
bulk. Nor can we doubt that along with the incn 
brain went a corresponding increase in the kee 
activity and vigor, and in intelhgence. 




CHAPTER XXII 

THE QUATERNARY 

The last period of geological history, the Quaternary, may be 
said to have begun when all, or nearly all, living species of 
mollusks and most of the existing mammals had appeared. 
It is divided into two great epochs. The first, the Heistocene or 
Glacial epoch, is marked off from the Tertiary by the occupatioji 
of the northern parts of North America and Europe by vast ice 
sheets ; the second, the Recent epoch, began with the disappear- 
ance of the ice sheets from these continents, and meiges into 
the present time. 

The Pleistocene Epoch 

We now come to an episode of unusual interest, so different 
was it from most of the preceding epochs and from the present, 
and so largely has it influenced the conditions of man's Hfe. 

The records of the Glacial epoch are so plain and full that 
we are compelled to believe what otherwise would seem almost 
incredible, — that following the mild climate of the Tertiary 
came a succession of ages when ice fields, like that of Green- 
land, shrouded the northern parts of North America and Europe 
and extended far into temperate latitudes. 

The drift. Our studies of glaciers have prepared us to decipher 
and interpret the history of the Glacial epoch, as it is recorded 
in the surface deposits known as the drift. Over most of Canada 
and the northern states this familiar formation is exposed to 
view in nearly all cuttings which pass below the surface soil 
The drift includes two distinct classes of deposits, — the unstrati- 
fied drift laid down by glacier ice, and the stratified drift spread 
by glacier waters. 
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The materials of the drift are in any given place in part unlike 
the rock on which it rests. They cannot he derived from the 
underlying rock by weathering, but have been brought from 
elsewhere. Thus where a region is luiderlain by sedimentary 
rocka, as is the drift-covered area from the Hudson River to 
the Missoimj the drift contains not only fragments of limestone, 
sandstone, and ahale of local derivation, but also pebbles of many 
igneous and metamorphic rocks, such as f^'anites, sneisses, 




UiiMti-alltied Drift, Masriadiuaetls 



schists, dike rocka, quartzites, and the quartz of mineral veins, 
whose nearest source is the Archean area of Canada and the 
states of our northern border. The drift received its name 
when it was supposed that the formation had been drifted by 
floods and icebergs from outside sources, — a theory long since 
abandoned. 

The distribution also of the drift points clearly to its peculiar origin. 
Within the limits o£ the glaciated area it covers the country without 
regard to the relief, mantling with its <1€bris not only lowlands and 
valleys but also highlands and mountain slopea. 
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The boundary of the drift is equally independent of the relief of the 
land, crossing hills and plains impartially, unlike water-laid deposits, 
whose margins, unless subsequently deformed, are horizontal. The 
boundary of the drift is strikingly lobate also, bending outward in 
broad, convex curves, where there are no natural barriers in the topog- 
raphy of the country to set it such a limit. Under these conditions such 
a lobate margin cannot belong to deposits of rivers, lakes, or ocean, 
but is precisely that which would mark the edge of a continental glacier 
which deployed in broad tongues of ice. 

The rock surface underlying the drift. Over much of its 
area the drift rests on firm, fresh rock, showing that both the 
preglacial mantle of residual waste and the partially decomposed 
and broken rock beneath it have been swept away. The under- 
lying rock, especially if massive, hard, and of a fine grain, has 
often been ground down to a smooth surface and rubbed to a 
polish as perfect as that seen on the rock beside an Alpine 
glacier wliere the ice has recently melted back. Frequently 
it has IxHMi worn to tlie smooth, rounded hummocks known 
as roclies nioutonnees, and even rocky hills have been thus 
smootlied to fiowin*^ outlines like roches moutoiniees on a irijzan- 
tic scale. Tlu^, rock pavement l)eneath the drift is also marked 
by lon^j:, strai^^ht, parallel scorin<^s, varying in size from deep 
grooves to tine stria* as delicate as the hair lines cut by an en- 
graver's needle. Where tlie rock is soft or closely jointed it 
is often sliattered to a (le])tli of several feet l)eneath the drift, 
while stoiiv ('lav lias been thrust in amon<' the fragments into 
which tlu^ rock is broken. 

In the. presence of tliese glaciated surfaces we cannot doubt 
that the area of t\m (h'ift lias been overridden by vast sheets of 
ice which, in their steady flow, rasped and scored the rock bed 
beneath by nutans of the stones wdth which their basal layers 
were inset, and in places ])lucked and shattered it. 

Till. The unstratitied portion of the drift consists chiefly of 
sheets of dense, stony cVay o-^^'i \AkL, v^hich clearly are the 
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ground moraines of ancient continental glaciers. Till is an 
unsorted mixture of materials of all sizes, from fine clay and 
sand, gravel, pebbles, and cobblestones, to large bowlders. The 
stones of the till are of many kinds, some having been plucked 
from the bed rock of the locality where they are found, and 
others having been brought from outside and often distant 
places. Land ice is the only agent known which can spread 
unstratified material in such extensive sheets. 

The fine material of the till comes from two dififerent sources. 
In part it is derived from old residual clays, which in the 
making had been leached of the lime and other soluble ingredi- 
ents of the rock from which they weathered. In part it consists 
of sound rock groimd fine ; a drop of acid on fresh, clayey till 
often proves by brisk effervescence that the till contains much 
undecayed limestone flour. The ice sheet, therefore, both scraped 
up the mantle of long-weathered waste which covered the coun- 
try before its coming, and also ground heavily upon the sound 
rock underneath, and crushed and wore to rock flour the 
fragments which it carried. 

The color of unweathered till depends on that of the materi- 
als of which it is composed. Where red sandstones have con- 
tributed largely to its making, as over the Triassic sandstones 
3f the eastern states and the Algonkian sandstones about Lake 
Superior, the drift is reddish. When derived in part from coaly 
shales, as over many outcrops of the Pennsylvanian, it may 
when moist be almost black. Fresh till is normally a dull gray 
3r bluish, so largely is it made up of the grindings of unoxidized 
rocks of these common colors. 

Except where composed chiefly of sand or coarser stuff, unweathered 
iill is often exceedingly dense. Can you suggest by what means it has 
3een thus compacted ? Did the ice fields of the Glacial epoch bear heavy 
jurf ace moraines like the medial and lateral moraines of valley glaciers ? 
Where was the greater part of the load of these ice fields carried, judg- 
ing from what you know of the glaciers of Greenland ? 
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Bowlders of the drift. The pebbles and bowlders of the drift 
are in part sti'ttam gravels, bowlders of weathering, and other 
coai'se rock waste picked up from the surface of the countiy by 
the advancing ice, and in part are fragments plucked from 
of sound rock after the mantle of waste had been 
removed. Many of the stones of the till are dressed as only 
glacier ice can do ; their sharp edges have been blunted and 
their sides faceted and scored. 

We may easily find all stagKS of this procesH represented among the 
pebbles of the till. Some are little worn, eren on tbeir edges ; some 
are planed and scored on one aide only ; while some in their loug jonr- 
ney have been ground down to many facets and have lost much of their ■ 
original bulk. Evidently the ice played fast and loose with a stone I 
carried in its basal layers, | 
now holding it fast &nd 
rubbing it against the rook 
beneath, now loosening its 
giiisp and allowing the 
stone to turn. 

Bowlders of the drift 
are sometimes found on 
higher ground tiaii thnir 
parent ledges. Thus bowlders have been left on the sides of Moiint 
Katahdin, Maine, which were plucked from limestone ledges twelve milea 
distant and three thousand feet lower than their resting place. In other 
oases stones have been carried over mountain ranges, as in Vermont, 
where pebbles of Burlington red sandstone were dri^ged over the Gwen 
Mountains, three thousand feet in height, and left in the Connecticut 
valley sixty miles away. No other geological agent than glacier ice 
conld do this work. 

The bowlders of the drift are often large. Bowlders ten and twentj 
feet in diameter are not uncommon, and some are known whose diam- 
eter eieeeds fifty feet. As a rule the average size of bowlders decrease! 
with increasing distance from their sources. Why 1 

Till plains. The surface of the drift, where left in its initial 
state, also diaplaya cleai proof of its glacial origin. Over huff 
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areas it is spread in level plains of till, perhaps bowlder-dotted, 
similar to the plains of stouy clay left iu Spitzbeigen by the 
recent retreat of some of the glaciers of that island. In places 
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- FiQ 354 Map nf a Portion of a Drmnlin Area near Oawego, New York 

the unatratified drift is heaped in hills of various kinds. wMch 
we will now deacribe. 

Dnimlins. Druralins are smooth, rounded hills composed of 
till, elliptical in base, and having their longer axes paraUel to 
the movement of the ice as shown by glacial scotoi:^, '^^wis^ 
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crowd certain districts in central New York and in soutliem 
Wisconsin, where they may he counted by the thousands. 
Among the numerous dnimlins about Boston is historic Bunker 
HilL 

Drumlins are made of ground moraine. They were accumu- 
lated and given shape beneath the overriding ice, much as are 
sand bars in a river, or in some instances were carved, like 
roebes moutonnSes, by an ice sheet out of the till left by an 
earlier ice invasion. 

Terminal moraines. The glaciated area is crossed by belts of 
thickened drift, often a mile or two, and sometimes even ten 




miles and more, in breadth, wliich lie transverse to the move- 
ment of the ice and clearly are the terminal moraines of ancient 
ice sheets, marking either the limit of their farthest advance or 
pauses in their general retreat. 

The surface of these moraines is a jumble of elevations and 
depressions, which vary from low, gentle swells and shallow 
sags to sharp hills, a himdred feet or so in height, and deep, 
steep-sided hollows. Suck t\ua.altuous billa and hummocks, set 
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with depressiona of all shapes, which usually are without outlet 
and are often occupied by marshes, ponds, and lakes, surely 
cannot be the work of running water. The hills are heaps of 
drift, lodged beneath the ice edge or piled along its front. The 
basins were left aniung the tangle of niorainic knolls and ridges 
(F^. 105) as the mai^ of the ice moved back and forth. 
Some bowl-shaped basins were made by the melting of a mass of 
ice left behind by the retreating glacier and buried iu its debris. 

The stratified drift. Like modern glaciers the ice sheets of 
the Pleistocene were ever being converted into water about their 
mai^ins. Their limits on the land were the lines where their 
onward flow was just bal- 
anced by melting and evap- 
oration. On the surface of 
the ice along the maigin:il 
zone, rivulets no douliL 
flowed in summei',and found 
their way through crevasses 
to the interior of the 
glacier or to the gromn!. 
Subglacial streams, like 
those of the Malaspina 
glacier, issued from tunnels in the ice, and water ran along the 
melting ice front as it is seen to do about the glacier tongues 
of Greenland. All these glacier waters flowed away down the 
chief drainage channels in swollen rivers loaded with glacial 
waste. 

It is not unexpected therefore that there are found, over all 
the countiy where the melting ice retreated, depoait-s made of 
the same materials as the till, but sorted and stratified by run- 
ning water. Some of these were deposited behind the ice front 
in ice-walled channels, some at the edge of the glaciers by issu- 
ing streams, and others were spread to long distances in front 
of the ice edge by glacial waters aa they flovfeii a^sa:^. 
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Sskers are narrow, winding ridges of stratified sand and 
gravel whose general course lies pandlel with the movement of 
the glacier. These ridges, though evidently laid by running 
water, do not follow lines of cuntinuoua descent, but may be 
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found to cross ii\ei \allejs and asLend their sides Hence dit 
streams hj which oskera were laid did not flow unconfined upon 
the surface of the ground We may infer that eskers were 
deposited m the tunnels and ice-walled gorges of glacial streams 
before they issued from the ice front 

Karnes are sand and gravel knolls, aasoriated for the most 
part with ternuna! moraines, and heaped hy glacial waters along 
r"^ J -<^ ^'^^ margm of the ica 

f •^'^ ' t-t-tt-^ j_ ^ Kame ttrraces are huiD- 

inockj embankments of 
stiatified drift sometimes 
found m rugged regions 
along the sides of valleys. 

1 Kiacienca r i leiracea jjj these valleys long 

tongues of glacier ice lay slowly melting. Glacial waters toot; 
their way between the edges of the glaciers and the hillside, 
and here deposited aand ani ^Kwel in. rude terraces. 
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Outwash plains are plains of sand and gravel which frequently 
border terminal moraines on their outward face, and were spread 
evidently by outwash from the melting ice. Outwash plains are 
sometimes pitted by bowl-shaped basins where ice blocks were 
left buried in the sand by the retreating glacier. 

Valley trains are deposits of stratified drift with which river 
valleys have been aggraded. Valleys leading outward from the 
ice front were flooded by glacial waters and were filled often to 
great depths with trains of stream-swept drift. Since the disap- 
pearance of the ice these glacial flood plains have been dissected 
by the shrimken rivers of recent times and left on either side the 
valley in high terraces. Valley trains head in morainic plains, 
and their material grows finer down valley and coarser toward 
their sources. Their gradient is commonly greater than that of 
the present rivers. 

The extent of the drift. The extent of the drift of North 
America and its southern limits are best seen in Figure 359. Its 
area is reckoned at about four million square miles. The ice 
fields which once covered so much of our continent were all 
together ten times as large as the inland ice of Greenland, and 
about equal to the enormous ice cap which now covers the 
antartic regions. 

The ice field of Europe was much smaller, measuring about 
seven hundred and seventy thousand square miles. 

Centers of dispersion. The direction of the movement of the 
ice is recorded plainly in the scorings of the rock surface, in 
the shapes of glaciated hills, in the axes of drumlins and eskers, 
and in trains of bowlders, when the ledges from which they 
were plucked can be discovered. In these ways it has been 
proved that in North America there were three centers where 
ice gathered to the greatest depth, and from which it flowed 
in all directions outward. There were thus three vast ice 
fields, — one the Cordilleran, which lay upon the Cordilleras of 
British America ; one the Keewatin^ which flowed OMt i^oro^^k^^ 
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province of Eeewatin, weat of Hudson Bay ; and one the Labrador 
ioe field, whose center of dispersion was on the hi^^ilands of the 
peninsula of liibisdor. As shown in Figure 359, the westemioe 
field extended but a short way b^ond the eastern foodiillB d 
the Socky Mountains, where perhaps it met the far-traveled ioe 




HypoUittical Map of tlie Pleistocene Ice Sheets of North Americi 
From Salisbury's Glacial Geology i^f New Jersey 

from the great central field. The Keewatin and the lAbrador 
ice fields flowed farthest toward the south, and in the Mississipiii 
valley the one reached the mouth of the Missouri and the other 
nearly to the mouth of the Oliio. In Minnesota and Wiaconan 
Slid northward they merged in one vast field. 
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The thickness of the ice was so great that it buned the beh- 
est moimtams of eastern North America, as is proved by the 
transported bowlders which have been found upon their sum- 
mita If the land then stood at its present height above sea 
level, and if the average slope of the ice were no more than ten 
feet to the mde, — a slope so gentle that the eye could not 
detect it and less than half the slope of tbe interior of the 
inland ice of Green- 
land, — the ice pla- 
teaus about Hudson 
Bay must have 
reached a thickness 
of at least ten 
thousand feet 



In 







Scandinavian platei 

was the chief center 

of dispersion. At the 

time of greatest glaci- 

ation El continuous field of ice extended from the Ural Mountains to the 

Atlantic, where, ofF the coasts of Norway and the British Islea, it met 

the sea in an unbroken ice wall. On the south it reached to southern 

England, Belgium, and central Germany, and deployed on the eastern 

plains in wide lobes over Poland and central Russia (Fig, 360). 

At the same time the Alps supported giant glaciers many times the 
size of the surviving glaciers of to-day, and a piedmont glacier covered 
the plains of northern Switzerland. 



The thickness of the drift. The drift is far from uniform in 
thicknesa It is comparatively thin and scanty over the Lauren- 
tian highlands and the ru^ed regions of New England, while 
from southern New York and Ontario westward over the Mis- 
sissippi valley, and on the great western plains of Canada, it 
exceeds an average of one hundred feet over wide areas, and in 
places has five and six times that thickness. It 'Hwa ^ "Otis. 
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marginal belt that the ice sheets brought their loads, while 
northwards, nearer the centers of dispersion, erosion was exces- 
sive and deposition slight. 

Successive ice invasions and their drift sheets. Secent stud- 
ies of the drift prove that it does not consist of one indivis- 
ible formation, but includes a number of distinct drift sheets, 
each with its own peculiar features. The Pleistocene epoch 
consisted, therefore, of several glacial stages, — during each of 
which the ice advanced far southward, — together with the 
intervening interglacial stages when, under a milder climate, 
the ice melted back toward its sources or wholly disappeared. 

The evidences of such interglacial stages, and the means by which 
the different drift sheets are told apart, are illustrated in Figure 361. 
Here the country from iV to 5 is wholly covered by drift, but the drift 




Fig. 801. Diaf^ram illustrating Criteria by which Different 
Drift Sheets are distinguished 
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from N to m is so unlike that from ?n to S that we may believe it the 
product of a distinct ice invasion and deposited during another and far 
later glacial stage. The former drift is very young, for its drainage is 
as yet immature, and there are many lakes and marshes upon its sur- 
face ; the latter is far older, for its surface has been thoroughly dissected 
by its streams. The former is but slightly weathered, while the latter 
is so old that it is deeply reddened by oxidation and is leached of its 
soluble ingredients such as lime. The younger drift is bordered by a 
distinct terminal moraine, while the margin of the older drift is not 
thus marked. Moreover, the two drift sheets are somewhat unlike in 
composition, and the different proportion of pebbles of the various 
kinds of rocks which they contain shows that their respective glaciers 
followed different tracks and gathered their loads from different regions. 
Again, in places beneath the younger drift there is found the buried 
land surface of an older drift with old soils, forest grounds, and vege- 
table deposits, containing the remains of animals and plants, which 
tell of the climate oi the iivterglacial stage in which they lived. 
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By such differences as these the following drift sheets have 
been made out in America, and similar subdivisions have been 
recognized in Europe. 

6 The Wisconsin formation 

4 The lowan formation 

3 The Illinoian formation 

2 The Kansan formation 

1 The pre-Kansan or Jerseyan formation 

In New Jersey and Pennsylvania the edge of a deeply weath- 
ered and eroded drift sheet, the Jerseyan, extends beyond the 
limits of a much younger overlying drift. It may be the equiva- 
lent of a deep-buried basal drift sheet found in the Mississippi 
valley beneath the Kansan and parted from it by peat, old soil, 
and gravel beds. 

The two succeeding stages mark the greatest snowfall of the 
Glacial epoch. In Kansan times the Keewatin ice field slowly 
grew southward until it reached fifteen hundred mQes from its 
center of dispersion and extended from the Arctic Ocean to 
northeastern Kansas. In the Illinoian stage the Labrador ice 
field stretched from Hudson Straits nearly to the Ohio River in 
Illinois. In the lowan and the Wisconsin, the closing stages of 
the Glacial epoch, the readvancing ice fields fell far short of their 
former limits in the Mississippi valley, but in the eastern states 
the Labrador ice field during Wisconsin times overrode for the 
most part all earlier deposits, and, covering New England, prob- 
ably met the ocean in a continuous wall of ice which set its bergs 
afloat from Massachusetts to northern Labrador. 

We select for detailed description the Kansan and the Wis- 
consin formations as representatives, the one of the older and 
the other of the younger drift sheets. 

The Kansan formation. The Kansan drift consists for the 
most part of a sheet of clayey till carrying smaller bowlders 
than the later drift. Few traces of drumlins, kames,,or terminal 
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moraines are found upon the Kansan drift, and whei-e thick 
enough to maak the pi-eexisting surface, it seeraa to have been 
spread originally in level plains of tdl. 

The initial Kansan plain has heen worn by running water 
until there are now left only isolated patches and the narrow 
strips and crests of the divides, which still rise to the ancient 
level. The valleys of the larger streams have been ojwned wide. 
Their well-developed tributaries have carved nearly the entire 
plain to valley slopes (Figs. 50 B, and 59), Tlie lakes and marshes 
which once marked the infancy of the region have long since 




been effaced. The drift is also deeply weathered. The till, origi- 
nally blue in color, has l«en yellowed by oxidation to a depth 
of ten and twenty feet and even more, and its surface is some- 
times rusted to terra-cotta red. To a somewhat less depth it has 
been leached of its lime and other soluble ingredients. In the 
weathered zone its pebbles, especially where the till is loose in 
texture, are sometimes so rotted that granites may be crumbled 
witli the fingers. The Kansan drift is therefore old. 

The Wisconsin formation. The Wisconsin drift sheet is but 
Uttle weathered and eroded, and therefore is extremely young. 
Oxidation has effected it but slightly, and lima 8.G.4 o^\v«t. 



L 
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solulde pl&nt foods remain undissolved even ^ the graaa toota | 
. Its liver systems are still in their infancy (Fig. 60, A). Swaii^ 
and peiUi bogs are ahundant on its undreined sar&oe, and to 
tioB drift sheet belong the lake lands of am Dorthem states 
and of the I^urentian peneplain of Cenad& 

The lake basins of the Wiaconsiii drift are of aereral diScrait 
clawea. Many are shallow sags in the gtonnd moraine. S^ mm 
numflTous are the lakes set in hollows among the hills of the teraunil 
morainee ; such as the thousands of lakelets of eastem Mawmthnnntli 
Indeed, the terminal moraines of the Wisconsin drift may aftcm ba 
roughly traced on maps by means of belts of lakes and ponds. Sume 
lakes are due to the blockade of ancient valleys hy morainic d£brts, 
and this class includes many of the lakes of the Adirondocks, the 
mountain regions of New Engluid, aiid the Laurentian area. Still 
other lakes reat in rock basins scooped out by glaciers. In many cmm 
lakes are due to more than one cause, as whert pi-egla^ial valleys hsTB 
both been basined by the ice aikd blockaded by ite moraines. TheFingsr 
lakes of New York, for example, occupy such glacial troughs. 

Massive terminal moraines, which mark the farthest limits to 
which the Wisconsin ice advanced, have been traced froin Oape 
Cod and the islands south of New Er^land, across tlie Apgsiir 
chians and the Mississippi valley, through the Dakotas, and fai 
to the north over the plains of British America, "Where the ice 
halted for a time iji its general retreat, it left recessional mo- 
raines, as tliis variety of the terminal moraine is called. The 
moraines of the Wisconsin drift lie upon the country like great 
festoons, each aeries of concentric loops marking the utmost 
advance of broad lobes of the ice maigin and the various pauses 
in their recession. 

Behind the terminal moraines lie wide till plains, in places 
studded thickly with drumlins, or ridged with an occasional 
esker. Great outwash plains of sand and gravel Ue in front of 
the moraine belts, and long valley trains of coarse gravels toll 
of the swift and povjerEul rivers of the time. 
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The loess of the Mississippi valley. A yellnw earth, quite 
like the loess of China, is laid bruailiy as a surface deposit over 
tha Mississippi valley from eastern Nehraska to Ohio outside 
the houndaries of the lowan and the Wisconsin drift. Much 
of the loess was deposited in lowan times. It is younger than 
the earher drift sheets, for it overlies their weathered and eroded 
surfaces. It thickens to the lowan drift border, but is not found 
upon that drift. It is oldur than the \\'iBconsin, for in many 
places it passes underneath the Wisconsin termhial moraines. 




3U4. Bniik of Loess, Icjwa 



In part the loess seems to have been washed from glacial waste 
and spread in sluggish glacial waters, and in part to have been 
distributed by tlie wind from plains of aggrading glacial streams. 
The effects of the ice invasions on rivers. ITie repeated ice 
invasions of the Pleistocene profoundly disarranged the drainage 
systems of our northern states. In some regions the ancient 
valleys were completely filled with drift. On the withdrawal 
of the ice the streams were compelled to find their way, as beat 
they could, over a fresh land surface, where we now find them 
Sowing on the drift in young, narrow channeU- B\A \iNHAs.«^ -A. 
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feet below the ground the well driller and the prospector for eoal 
and oil discover deep, wide, buried valleys cut in rock, — the j 
channels of pregladal and intei^lacial streams. In places the 
ancient valleys were filled with drift to a depth of a hundred 

feet, and sometimes even to 



depth of four hundred and 
five hundred feet. In such 
valleys, rivers now flow high 
above their ancient beds of 
rock on floors of valley drift 
Many of the valleys of our 
present rivers are but patch- 
works of preglacial, inter- 
glacial, and postglacial 
courses (Fig. 366). Here 
the river winds along an 
ancient valley with gently 
sloping sides and a wide 
alluvial floor perhaps a luile 
or 90 in width, and there it 
enters a young, rock-walled 
goi^e, whose rocky bed may 
lie crossed by ledges over 
wMch the river plunges iu 
waterfalls and rapids. 

In such eases it is possible 
that the river was pushed to 
one side of its former valley 
by a lobe of ice, and com- 
pelled to cut a new cliaiuiel in the adjacent uplands. A section 
of the valley may have been blockaded with morainic waste, 
and the lake formed Iwbind the barrier may have found outlet 
over the country to one side of the ancient drift-filled vaUey 
In some instances it vjouVA seeva. t\\a.t, during the waning of the 
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the river ; 6, postglacial gorge ; c, ancient 
course now filled with drift 



ice sheets, glacial streams, while confined within walls of stag- 
nant ice, cut down through the ice and incised their channels 
on the underlying country, in some cases being let down on old 
river courses, and in other cases excavating gorges in adjacent 
uplands. 

Pleistocene lakes. Temporary lakes were formed wherever 
the ice front dammed the natural drainage of the region. Some, 
held in the minor valleys 
crossed by ice lobes, were 
small, and no doubt many 
were too short-lived to leave 
lasting records. Others, 
long held against the north- 
ward sloping country by the Fig. 366. A Patchwork Valley 
retreating ice edge, left in a and a% ancient courses still occupied by 

their beaches, their clayey 
beds, and their outlet chan- 
nels permanent evidences of their area and depth. Some of 
these glacial lakes are thus known to have been larger than any 
present lake. 

Lake Agassiz, named in honor of the author of the theory of conti- 
nental glaciation, is supposed to have been held by the united front of 
the Keewatin and the Labrador ice fields as they finally retreated down 
the valley of the Red River of the North and the drainage basin of 
Lake Winnipeg. From first to last Lake Agassiz covered a hundred and 
ten thousaiid square miles in Manitoba and the adjacent parts of Min- 
nesota and North Dakota, — an area larger than all the Great Lakes 
combined. It discharged its waters across the divide which held it on 
the south, and thus excavated the valley of the Minnesota River. The 
lake bed — a plain of till — was spread smooth and level as a floor with 
lacustrine silts. Since Lake Agassiz vanished with the melting back 
of the ice beyond the outlet by the Nelson River into Hudson Bay, 
there has gathered on its floor a deep humus, rich in the nitrogenous 
elements so needful for the growth of plants, and it is to this soil that 
the region owes its well-known fertility. 
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Tbt Great Lakes. The bedns of the Oreat Lakes are hsa 
preglacial river valleys, vraiped by movemmts of the crust 
in progress, enlaiged by the erosive acticm of lobes of the 
tinentd i(» she^, and blockaded by their drift ThecoiiipU< 
glacial and postglacial history of the lakes is recorded in 
stoand lines which have been toused at various heights abo 
them, showing their areas and tiie levels at which their wateis 
stood at different times. 

With the retreat of the lobate Wisconsin ice sheet toward 
the north and east, the southern and western ends of the basins^ 
of the Great Lakes weie uncovered first; and here, between ths^ 
receding ice front and the slopes of land which faced it, lakes 
gathered which increased constantly in size. 

The lake which thus came to occupy the western end of the 
Lake Superior basin discharged over the divide at Duluth down 
the St. Croix Biver, as an old outlet channel proves ; that whidi 
held the southern end of the basin of Lake Michigan sent its 
overflow across the divide at Chicago via the Illinois Eiver to 
the Mississippi ; the lake wMch covered the lowlands about the 
western end of Lake Erie discharged its waters at Fort Wayne 
into the Wabash Eiver. 

The ice still blocked the Mohawk and St. Lawrence valleys 
on the east, while on the west it had retreated far to the north 
The lakes become confluent in wide expanses of water, whose 
depths and margins, as shown by their old lake beaches, varied 
at different times with the position of the confining ice and 
with warpings of the land. These vast water bodies, which at 
one or more periods were greater than all the Great Lakes com- 
bined, discharged at various times across the di\ide at Chicago, 
near Syracuse, New York, down the Mohawk valley, and by a 
channel from Georgian Bay into the Ottawa Eiver. Last of all 
the present outlet by the St. Lawrence was established. 

The beaches of the glacial lakes just mentioned are now far from 
horizontal. That of the lake ^\i\c\i o^c;\)c<gfv&d tke Ontario basin has iaJi 
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elevation of three hundred and sixty-two feet above tide at the west and 
of six hundred and seventy-five feet at the northeast, proving here a 
differential movement of the land since glacial times amounting to 
more than three hundred feet. The beaches which mark the successive 
lieights of these glacial lakes are not parallel ; hence the warping began 
Isef ore the Glacial epoch closed. We have already seen that the canting 
of the region is still in progress (p. 198). 

The Champlain subsidence. As the Glacial epoch approached 
its end, and the Labrador ice field melted back for the last time 
to near its source, the land on which the ice had lain in eastern 
North America was so depressed that the sea now spread far and 
wide up the St. Lawrence valley. It joined with Lake Ontario, 
and extending down the Champlain and Hudson valleys, made 
an island of New England and the maritime provinces of Canada. 
The proofs of this subsidence are found in old sea beaches 
and sea-laid clays resting on Wisconsin till. At Montreal such 
terraces are found six hundred and twenty feet above sea level, 
and along Lake Champlain — where the skeleton of a whale 
was once found among them — at from five himdred to four 
hundred feet. The heavy delta which the Mohawk Kiver built 
at its mouth in this arm of the sea now stands something more 
than three hundred feet above sea level. The clays of the Cham- 
plain subsidence pass under water near the mouth of the Hud- 
son, and in northern New Jersey they occur two hundred feet 
below tide. In these elevations we have measures of the warp- 
ing of the region since glacial times. 

The western United States in glacial times. The western 
United States was not covered during the Pleistocene by any 
general ice sheet, but all the high ranges were capped with 
permanent snow and nourished valley glaciers, often many times 
the size of the existing glaciers of the Alps. In almost every 
valley of the Sierras and the Kockies the records of these van- 
ished ice streams may be foimd in cirques, glacial troughs, roches 
moutonn^es, and morainic deposits. 
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It was during the Glacial epoch that Lukes Bonneville and 
lahontau {p. 107) were establislied in the Great Basin, whose 
climate must then have heen much more moist than now. 

The diifUeas area. Id the upper Mississippi Talle; there b an area 
of about t«ii thiiiisand square miles in aaiitiiwestern WiacoDein and the 
adjacent parts of Iowa and Minnesota, which escaped the ice invasioiie. 
The rooks are covered with residual clays, the product of long pre- 
glat^ial weathering. The region is an ancient peneplain, uplifted and 
dissected in late Tertiary timea, with mature vnlleya whose gentle 




I \ Mi 11, 



gradients are unbroken by waterfalls and rapids. TIius the driftleas 
area is in strong contrast with the immature drift topography about it. 
where lakes and waterfalls are common. It is a bit of preglucial land- 
scape, showing the condition of the entire region before the Glacial 

The driftlesa area lay to one side of the main track of both the Kee- 
watin and the Labrador ice fields, and at the north it waa protected by 
the upland south of Lake Superior, which weakened and retarded the 
movement of the ice. 

South of the driftlesa area the Mississippi valley was invaded at dif- 
ferent times by ice sheets from the west, — I he Kanaan and the lowan, — 
and again by the lUinoiau. ice skee% {lotn the east. Again aad again 1b> 
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Mississippi River was puBbed to one side or the othei' of ita path. The 
ancient channel which it held along the lUinoian ice front has been 
traced through aoutheaatern Iowa for many miles. 

Benefits of glaciation. Like the driftless area, the preglacial 
surface over which the ice advanced seems to have heen well 
dissected after the late Tertiary uphfts, and to have been carved 
in many places to steep valley slopes and ru^ed hills. The 
retreating ice sheets, which left smooth plains and gently rolling 
country over the wide belt where glacial deposition exceeded 




Eastern luwa 

a, conntrj rock ; b, Kansan till ; c, loess ; ', terTBce of reddish sands and decayed 
pebbles above reach of present stream ; s, stream ; /p, flood plain of s. What 
le the age of rock-cut valley and of the alluyiuin whiirh partially fills it, com- 
pared with that o( the Kansan till? with that of the loess? Give the complete 
history recorded in the section. 

glacial erosion, have made travel and transportation easier tliau 
they otherwise would have been. 

The preglacial subsoils were residual clays and sauds, com- 
posed of the insoluble elements of the country rock of the local- 
ity, with some minglings of its soluble parts still undissolved. 
The glacial subsoils are made of rocks of many kinds, still un- 
decayed and largely ground to powder. They thus contain an 
inexhaustible store of the mineral foods of plants, and in a form 
made easily ready for plant use. 

On the preglacial hillsides the humus layer must have been 
comparatively thin, while the broad glacial plains ha.ve. ^a.Ociswi!.. 
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deep black soils, rich in carbon and nitrogen taken from the 
atmosphera To these soils and subsoils a large part of the 
wealth and prosperity of the glaciated regions of our countiy 
must be attributed. 

The ice invasions have also added very largely to the water 
power of the country. The rivers which in pregladal times 
were flowing over graded courses for the most part, were pushed 
from their old valleys and set to flow on higher levels, where 
they have developed waterfalls and rapids. This power will 
probably be fully utilized long before the coal beds of the coun- 
try are exhausted, and will become one of the chief sources of 
the national wealth. 

The Recent epoch. The deposits laid since glacial times 
graduate into those now forming along the ocean shores, on 
lake beds, and in river valleys. Slow and comparatively slight 
chaiiges, such as the warpings of the region of the Great Lakes^ 
have brought about the geographical conditions of the present 
The physical history of the Eecent epoch needs here no special 
mention. 

The Life of the Quaternary 

During the entire Quaternary, invertebrates and plants suf- 
fered little change in species, — so slowly are these ancient and 
comparatively simple organisms modified. The Mammalia, on the 
other hand, have changed much since the beginning of Quater- 
nary time : the various species of the present have been evolved, 
and some lines have become extinct. These highly organized 
vertebrates are evidently less stable than are lower types of ani- 
mals, and respond more rapidly to changes in the environment 

Pleistocene mammals. In the Pleistocene the Mammalia 
reached their culmination both in size and in variety of forms, 
and were superior m both these respects to the mammals of 
to-day. In Pleistocene times in North America there were sev- 
eral species of bison, — OY^fe -^Xic^^^ ^despreading horns we» I 
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ten feet from tip to tip, — a gigantK moose elk, a giant rodent 
(Castoroides) five feet long, several <<pecies of musk oxen 
several species of horses, — more akm however to zebras than 




Fig. 880. Megatherium 
to the modem horse, — a huge lion, several saher-tooth t^ers, 
immense edentates of several genera, and largest of all the 
mastodon and mammoth. 

The largest of the edentates was the Megatherium, a clumsy ground 
sloth bigger than a rhinoceros. The bones of the Megatherium are 
extraordinarily massive, — the thigh bone being thrice as thick as that 
of an elephant,. — and the animal seems to have been well able to get its 




Fio 8"0 Glyptodor 



living b 



y overthrowing trees and stripping off their leaves The Glyp- 

todon was a mailed edentate eight feet long resembling the little arma. 

dUlo. These edentates sur\ i\ ed from Tertiary times, and in 

I rti^s of the Pleiatocene ranged north aa iar %a 0\i\q «.tA Qi«,^c>q 
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The great proboacidians of the Glacial epoch weie about Uu 
size of modem elephants, and somewhat smaller than that 
ancestral species in the Pliocene. The Mastodon ranged over all 
North America south of Hudson Bay, but had become extinct 
in the Old World at the end of the Tertiary. The elephant! 
were represented by the Mamtnoth, which roamed in immenu 
herds from oui middle states to AlaJika, and from Arctic Ami 
to the Mediterranean and Atlantic. 

It is an oft-told atoTT how ftboat > century ago, near tlie Leu 
Biver in Siberia, there was found the body of a mammoth which bid 
been tafely preserved in ioe for thonaanda of yeara, how the fleah m 
eaten by doga and beara, and how the' eyea and hoofs and porttOM 
of the hide were taken with tlie akeleton to St. Fetersbnig, Sinn 
then aeveral other carcaasea of the mammoth, nmilarly preserved in 
ice, have been found in the aame region, — one aa reoently as JHI. 
We know from these remaina that the animal waa clothed in a coat d 
long, coarse hair, with tbick brown fur beneath. 

The distribution of animals and plants. The distribution oF 

species in tlie Glacial epoch was far different from that of the 
present. In the glacial 
stages arctic species 
ranged south into what 
are now temperate lati- 
tudes The walrus 
throve along the shores 
of Virginia and the 
musk ox grazed in Iowa 
and Kentucky. In 
Pio. 371. Skull of Musk Ox, from PleisM)- Europe the reindeerand 
cene Deposits, Iowa ^j^tic fox reached the 

Pyrenees. During the Champlain depression arctic shells lived 
along the shore of the arm of the sea which covered the St 
Lawrence valley. In interglacial times of milder climate the 
■"letic feuua-flora retreatei, ani t\ifc\i ^\a>iea were taken by plants 
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and animals from the south. Peccaries, now found in Texas, 
ranged into Michigan and New York, while great sloths from 
South America reached the middle states. Interglacial beds at 
Toronto, Canada, contain remains of forests of maple, elm, and 
papaw, with mollusks now living in the Mississippi basin. 

What changes in the forests of your region would be brought about, 
and in what way, if the climate should very gradually grow colder? 
What changes if it should grow warmer ? 

On the Alps and the highest summits of the White Mountains of 
New England are found colonies of arctic species of plants and insects. 
How did they come to be thus separated from their home beyond the 
arctic circle by a thousand miles and more of temperate climate 
impossible to cross? 

Man. Along with the remains of the characteristic animals 
of the time which are now extinct there have been found in 
deposits of the Glacial epoch in the Old World relics of Pleisto- 
cene Man, his bones, and articles of his manufacture. In Europe, 
where they have best been studied, human relics occur chiefly 
in peat bogs, in loess, in caverns where man made his home, 
and in high river ten*aces sometimes eighty and a hundred feet 
above the present flood plains of the streams. 

In order to understand the development of early man, we 
should know that prehistoric peoples are ranked according to 
the materials of which their tools were made and the skUl 
shown in their manufacture. There are thus four well-marked 
stages of human culture preceding the written annals of history : 

^ 4 The Iron stage. 
3 The Bronze stage. 
2 The Neolithic (recent stone) stage. 
1 The Paleolithic (ancient stone) stage. 

In the Neolithic stage the use of the metals had not yet been 
learned, but tools of stone were carefully shaped and polished. 
To this stage the North American Indian belonged at th^ t\K5^<^ 
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of the discovery of the continent. In tlie Paleolithic stage, stone 
implements were chipped to rude shapes and left unpolished 
This, the lowest state of hmiian culture, has been outgrown by 
neady every savage tribe now on eartiL A still earlier stage 
may once have existed, when man had not learned so much as 
to shajie Iiis weapons to his 
needs, but used chance peb- 
bles and rock splintera m 
their natural forms ; of suoh 
;i st^ge, however, we ha.vs do 
evi(Jence, 

Paleolithic man in Europe. 
It was to the Paleolithic 
stage that the earliest men 
lielunged whose relics are 
found in Europe. They had 
liiarned to knock off two- 
edged flakes from flint peb- 
l)les, and to work tbem into 
simple weapons. The great 
discovery had been made that fire could be kindled and made 
use of, as the charcoal and the stones discolored by heat of their 
ancient hearths attest. Caves and shelters beneath overhanging 
chffs were their homes or camping places. Paleolithic man was 
a savage of the lowest tjqje, who lived by hunting the wild bea^ 
of the time. 

Skeletons found in certain caves in Belgium and France represent 
perhaps the earliest race yet found in Europe. TheSe short, bniAd- 
aboiildered men, muscular, with bent kuees and stooping gait, lolT- 
browed and small of brain, 'were of little intelligence and yet ttvij 
human. 

The remahia of Pleistocene man are naturally found either itt 
caverns, where they escaped destruction by the ice sheets, or in 
depositB outside the glaciatei Kiea. bi both cases it is e 
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difficult, or quite impossible, to ass^ the remains to definite 
gkcial or interglacial times. Their relative age is best told by 
the faiioa with which they are associated. Thus the oldest 
relics of man are found with the atdmals of the late Tertiary or 
early Quaternary, such as a species of hippopotamus and an 
elephant more ancient than the mammotL Later in age are the 
remains found along with the mammoth, cave bear and cave 
hyena, and other animals of glacial time which are now extinct ; 
while more recent still are those associated with the reindeer, 
which in the last ice invasion roamed widely with the mammoth 
over central Europe. 

The caves of sontliem France These contam the fullest records of ' 
the race much like the Eskimoa in bodily frame which Ined id western 
Europe at the time of the mammoth and the reindeer The floors of 
these caves are covered with a layer of lione frai,meiit« 
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many meals, and here are found also various articlee of handicraft. In 
this way we know that the savages who made these caves their homes 
fished with harpoons of bone, and hunted witli spears and darts tipped 
with flint and horn. The larger bones are split for the extraction of 
the marrow. Among such fragments no split iiuman bones are found; 
this people, therefore, were not cannibals. Bone needles imply the art 
of sewing, and therefore the use of clothing, made no doubt of skins; 
while various ornaments, such as necklaces of shells, show how ancient 
is the Jove of personal adornment. Pottery was not yet invented. 
There is no sign of agriculture. No animals had yet been domesticated ; 
not even man's earliest friend, the dog. Certaiin imiplMn.ft"iA&,-^'Oca.\», 
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aMd M tbo inrignia of office, suggest a ru<le tribal organ ization and 
tbo boginningi of the state. The re-niains of funeral feasts in front ol 
Mtwna used u tombs jwiiit to & religion and ttte belief in a life be;ond 
the gnre. In the caverns of gouthern France are fouad also the be- 
ginningi of the arU of painting and of sculpture. With aurpris- 
ing dill these Paleolithic m>?u sketched on bits of ivory the mammath 
irtth hie bNlg hftir and huge curved tuBke, frescoed their cavern walti 
' with ptotarea of the bison and other animals, and carved reindeer <m 
titeir daggier heads. 

Early man on other contineats. Paleolithic flints cimouslr 
liira those of western Europe are found also in many regions of th^ 
Old World, — in India, 
Egypt, and Asia Minor, 
— beneath the earliest 
vestiges of the d\Tliza- 
tion of those ancieot 
seats, and sometimes a* 
I soeiated with the fauna 
ui the Glacial epoch 

In Java there were 
found in 1891, in strata 
early Quaternary or late 
Phocene in age, parts 
of a skeleton of lower grade, if not of greater antiquity, than 
any human remains now known. Fitheeantkropus ereetus, as 
the creature has been named, walked erect, as its thigh bone 
shows, but the skull and teeth indicate a close affinity with 
the ape. 

In North America there have been reported inany finds of 
human relics in \alley trains, loess, old liver gravels buried 
beneath lava flows, and other deposits of supposed glacial age; 
but in the opinion of some geologists sufhcient proof of the 
existence of man in America in glacial times has not as yet 
been found. 
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These finds in North America have been discredited for various 
reasons. Some were not made by scientific men accustomed to the 
closest scrutiny of every detail. Some were reported after a number 
of years, when the circumstances might not be accurately remem- 
bered ; while in a number of instances it seems possible that the relics 
might have been worked into glacial deposits by natural causes from 
the surface. 

Man, we may believe, witnessed the great ice fields of Europe, 
if not of America, and perhaps appeared on earth imder the 
genial climate of preglacial times. Nothing has yet been found 
of the line of man's supposed descent from the primates of the 
early Tertiary, with the possible exception of the Java remains 
just mentioned. The structures of man's body show that he is 
not descended from any of the existing genera of apes. And 
although he may not have been exempt from the law of evolu- 
tion, — that method of creation which has made all life on earth 
akin, — yet his appearance was an event whicli in importance 
ranks with the advent of life upon the planet, and marks a new 
manifestation of creative energy upon a higher plane. There 
now appeared intelligence, reason, a moral nature, and a 
capacity for self-directed progress such as had never been 
before on earth. 

The Recent epoch. The Glacial epoch ends with the melting 
of the ice sheets of North America and Europe, and the replace- 
ment of the Pleistocene mammalian fauna by present species. 
How gradually the one epoch shades into the other is seen in 
the fact that the glaciers which still linger in Norway and 
Alaska are the lineal descendants or the renewed appearances 
of the ice fields of glacial times. 

Our science cannot foretell whether all traces of the Great 
Ice Age are to disappear, and the earth is to enjoy again the 
genial climate of the Tertiary, or whether the present is an 
interglacial epoch and the northern lands are comparatively 
soon again to be wrapped in ice. 
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Hec^tidc man. The wild Faleolil^iio men vaniehed from ] 
Europe with the wild beasta viiieh GiSj bunted, aud their place 
Was taken by tribes, perhaps from Aaia, of a higher cultute. 
The remains of Keolithio num are found, much as ai-e those of 
^le Ncoth American Lidiana, opon or neai' the surface, in burial 
mounds, in shell heaps (the r^ose heaps of their settlements), 
in peat bogs, caves, recent flood-plain depi.>sits, and in the beds 
of lakes near shore where th^ Bometime» Luilt their dwellings 
upon pies. 

The Bnccessive etagea in European cnltare are well displayed in the 
peat bogs of Denmark. The lowest layers contain the poliahed sCone im- 
lAements of Neolithic mut, along vith remunB of the Scotch ^r. AboTs 
^are 9(ut tennka with implementa of bnmte, while the higher layen 
hold iron weapona and the remains of a beech forest. 

Keolithic man in Europe had learned to make pottery, to ' 
spin and weave linen, to hew timbers and build boats,-and to I 
grow wheat and barley. The dog, horse, ox, sheep, goat, anc! 
hog had been domesticated, and, aa these species are not known 
to have existed before in Europe, it is a fair inference that they 
were brought by man from another continent of the Old World. 
Neolithic man knew nothing of the art of extractii^ the metals 
from their ores, iior had he a written language. 

The NeoUthic stage of culture passes by insensible gradations i 
into that of the age of bronze, and thus into the Eecent epoch, j 

In the Recent epoch the progress of man in language, in I 
social organization, in the arts of Hfe, in morals and rel^on, 
has left ample records which are for other sciences than ours to 
read ; here, therefore, geology gives place to arehseology and 
history. 

Our brief study of the outlines of geology has given us, it is 
hoped, some great and lasting good To conceive a past so differ- 
ent from the present has stimulated the imagination, and to 
follow the inferences ty ■wto^ tina cowJwsi-isiia <st our sdence 
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have been reached has exercised one of the noblest faculties of 
the mind, — the reason. We have learned to look on nature in 
new ways : every landscape, every pebble now has a meaning 
and tells something of its origin and history, while plants and 
animals have a closer interest since we have traced the long lines 
of their descent. The narrow horizons of human life have been 
broken through, and we have caught glimpses of that immeas- 
urable reach of time in which nebulae and suns and planets 
run their courses. Moreover, we have learned something of that 
orderly and world-embracing progress by which the once unin- 
habitable globe has come to be man's well-appointed home, and 
life appearing in the lowliest forms has steadily developed higher 
and still higher types. Seeing this process enter human history 
and lift our race continually to loftier levels, we find reason to 
believe that the onward, upward movement of the geological 
past is the manifestation of the same wise Power which makes 
for righteousness and good and that this imceasing purpose will 
still lead on to nobler ends. 
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Columbia lavas, 400 

Columnar structure, 263 
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Connecticut, 370 
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Contemporaneous lava sheets, 248, 
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Continents, 188 
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Coral reefs, 188 
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Crabs, 379 
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Dicotyls, 377, 404 
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Drift, pebbles of, 114, 420 

atntified, 428 

thickiieai of, 429 
I>rif tle« uea, 488 
Drowned vaUeys, 197 
DmmliiMi, 421 
Diilath,486 
Danes, 147 
Dust falls, 146 

Earth, age of, 292, 296, 802 

interior of, 276 
Earthquakes, 224, 283 

causes of, 288, 287 

Charleston, 288 
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geological effects of, 284 

India, 286 

Japan, 287 

New Madrid, 286 
Earthworms, 20, 21 
Echinoderms, 321, 332, 333, 343, 
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Edentates, 441 
Egypt, 93 
Electric Peak, 269 
Elephants, 410 
Elevation, effects of, 86 

movements of, 197 
Eocene epoch, 396 
Epicontinental seas, 318 
Erratics, 133, 420 
Eskers, 424 
Etna, 248, 402 
Europe, Pleistocene ice sheet of, 

427 
Eurypterids, 333, 339, 363, 367 
ition, 300, 447 
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»f the Ohio, 343 
olds, 206 
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Frost, 15 
Fundy, Bay of, 182 
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Gases, volcanic, 244 
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Hematite, 310 
Henry Mountains, 271, 375 
High Plains, 100, 398 
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Historical geology, 4, 291 
Honeycomb corals, 339 
Hood, Mount, 260, 262 
Hooks, 165 
Hornblende, 274 
Hornblende schist, 284 
Hudson Bay, 90, 170 
Hudson River, 197, 493 
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Humus acids, 10 
Humus layer, 19 
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Hwang-ho River, 151 
Hydrosphere, 22 
Hydrozoa, 320 
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Icebergs, 116, 143 

Iceland, 242, 258 

IchthyosauriLs, 389 

Idaho, 34, 400 

Igneous rocks, 9, 249, 260, 251, 278 

Illinoian formation, 429 

Illinois, 64, 146, 356, 374 

India, 28, 102, 147, 236, 367, 402 

Indian Territory, 360 

Indiana, 48, 104 

Indo-gangetic plain, 101 

Indus River, 101, 110 

Insects, 333, 364, 380 

Interior of earth, 276 
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Intrusive rocks, 273 

Intrusive sheets, 268 

Inverness earthquake, 236 

Iowa, 29, 69, 73, 80, 86, 336, 356, 

374, 431, 438, 439, 442 
lowaii formation, 420 
Iron ores, 13, 53, 279, 310 
Islands, coral, 188 
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Japan, 223, 224, 237 
Joints, 5, 31, 216 
Jordan valley, 279 
Jura Mountains, 141, ^12 
Jurassic period, 369 
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lvalues, 424 

Kansan formation, 429 

Kansas, 41, 50, 100, 386, 357, 873, 

874, 429 
Kaolin, 12 
Karst, 47 

Katalidin, Mount, 420 
Keewatin ice field, 425 
Kentucky, 45, 40, 343, 44-2 



Keweenawan system, 308, 310 
Kilauea, 239 

Kings River Canyon, 408 
Krakatoa, 245 

Labrador, 198 

Labrador ice field, 426 

Laccolith, 271 

Lagoon, 166, 167 

Lahontan, Lake, 107, 488 

Lake Chelan, 141 

Lake dwellings, 448 

Lake Geneva, 71 
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166, 167, 191, 221, 222, 236, 26J 
423, 432, 436 
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Pleistocene, 435 
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Landslides, 26, 234 
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Laramie series, 375 
Laurentian peneplain, 84, 308, 432 
Lava, 238, 241 
Lava domes, 243, 400 
Lepidodendron, 362, 367 
Lichens, 16 
Lignite, 271 

Limestone, 7, 177, 178, 190 
Limonite, 13 
Lingulella, 324 
Lithosphere, 21 
Lizards, 884 
Llamas, 412 
Loess, 150, 433 
Long Island, 373 
Louisiana, 336, 396 
Lower Silurian period, 327 
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Luray Cavern, 48 
Lycopods, 362 

Magnetite, 279, 310 

Maine, 169, 420 

Malaspina glacier, 131 

Maldive Archipelago, 193 

Mammals, 393, 405, 440 

Mammoth, 442 

Mammoth Cave, 46 

Mammoth Hot Springs, 62 

Man, 414, 443 

Mantle of waste, 17 

Marble, 284, 329 

Marengo Cavern, 48 

Marl, 104 

Marsupials, 393, 406 

Martha's Vineyard, 161, 373, 395 

Maryland, 56, 270 

Massachusetts, 106, 162, 257, 309, 

403, 417, 429 
Mastodon, 410, 441, 442 
Matterhom, 34 
Maturity of land forms, 80 
Mauna Loa, 239 
Meanders, 96 
Medina series, 335, 403 
Megatherium, 441 
Mendota, Lake, 71 
Mesa, 31, 32, 153 
Mesozoic era, 369 
Mesozoic peneplain, 376, 403 
Metamorphism, 281 
Mexico, 373, 375 
Mica, 9 

Mica schist, 284 
Michigan, 104, 356, 443 
Michigan, Lake, 149, 198 
Mineral veins, 49, 286 
Minnesota, 97, 426 
Miocene series, 395 
Mississippi, 337 



Mississippi embayment, 373, 374, 395 
Mississippi River, 56, 57, 82, 94, 96, 

109 
Mississippian series, 350 
Missouri, 18, 236 
Missouri River, 55, 97 
Mobile Bay, 197 
Mohawk valley, 436, 437 
Molluscous shell deposits, 177 
MoUusks, 324 
Monadnock, 83 
Monkeys, 414 
Monoclinal fold, 204 
Monocotyls, 377, 404 
Monotremes, 393, 406 
Montana, 71, 309, 313, 373 
Montreal, 268, 437 
Monuments, 33 
Moraines, 124 
Mosasaurs, 390 
Mountain sheep, 413 
Mountains, age of, 229 

life history of, 212, 215 

origin of, 90, 210, 222 

sculpture of, 33, 137 
Movements of crust, 195 
Muir glacier, 122, 129 

Nantucket, 373 

Naples, 201 

Narragansett Bay, 197 

Natural bridges, 46 

Natural gas, 330 

Natural levees, 93 

Nautilus, 334 

Nebraska, 50, 82, 100, 255, 356 

Nebular hypothesis, 304 

Neolithic man, 443, 448 

Nevada, 104, 107, 222, 288, 289, 360, 

400 
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New Brunswick, 198 
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New England, 88, 878, 876, 878, 806, 

408, 420, 482, 487 
Newfoundland, 106 
New Jersey, 148, 166, 168, 176, 106, 

268, 260, 800, 810, 878, 487 
New Madrid earthquake, 286 
New Mexico, 81, 871, 800 
New York, 60, 00, 800, 827, 820, 885, 

886, 860, 421, 422, 428, 424, 482, 

448 
Niagara FallB, 60, 100 
Niagara series, 886 
NUe, 08, 100, 107 
Normal fault, 217 
North Carolina, 106 
North Dakota, 67 
North Sea, 170 * 
Notochord, 847 
Nova Scotia, 198 
Nunatak, 116, 182 

Ohio, 82, 108, 329, 335, 441 

Ohio River, 65, 82 

Oil, 330 

Olenellus zone, 323 

Olivine, 274 

Oolitic limestone, 178 

Ooze, deep-sea, 131 

Ordovician period, 316, 327 

life of, 331 
Oregon, 222, 262, 400 
Oreodon, 412 
Ores, 287, 290 
Organisms, v^ork of, 16 
Oriskany series, 341 
Omithostoma, 392 
Orthoceras, 325, 367, 380 
Oscillations, 196 

a cause of, 273 

effect on drainage, 85 
Ostracoderms, 344 
Ottawa, River, 90 



Outcrop, 2 
Outiien,81 
Outwaah plains, 486 
Oxidation, 18 
Oyster, 870, 880 

Fahoehoe lava, 241 
Falsdospondylus, 844 
Paleolithic man, 444 
Paleozoic era, 816 
Palisades of Hudson, 268 
Palms, 877 
Pamir, 16 
Peat, 04, 104 
Peccaries, 412 
Pelecypods, 824 
Peite, Mt., 246 
Peneplain, 88 

dissected, 86 

Laurentian, 80, 808, 402 

Mesozoic, 876, 408 
Pennsylvania, 35, 211, 267, 867, 85J 
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Pennsylvanian series, 350, 361 
Perissodactyl, 408 
Perlitic structure, 262 
Permian series, 350, 357, 360, 366 
Petrifaction, 296 
Petroleum, 330, 343 
Phenacodus, 406 
Phyllite, 283 
Phyllopod, 323 

Piedmont Belt, 87, 214, 309, 374 
Piedmont plains, 99 
Pikes Peak, 18 
Pitliecanthropus erectus, 446 
Placers, 287 

Plains of marine abrasion, 172 
Planation, 81 
Plantigrade, 406 
Platte River, 82 
Playa, 103 
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Playa lakes, 104 
Pleistocene epoch, 416 
Plesiosaurus, 389, 390 
Pliocene epoch, 396 
Plucking, 133 
Po River, 68, 197 
Pocono sandstone, 360, 404 
Porosity of rocks, 40 
Poiphyritic structure, 262 
Potholes, 69 

Potomac River, 68, 66, 403 
Predentata, 386 
Pre-Kansan formation, 429 
Primates, 414 
Prince Edward Island, 198 
Proboscidians, 410, 441, 442 
Pteropods, 326 
Pterosaurs, 391 
Puget Sound, 396 
Pumice, 260 
Pyrite, 13 

Quarry water, 16 
Quartz, 6, 9 
Quartz schist, 284 
Quaternary period, 396, 416 
Quebec, 28 

Rain, erosion, 23 

Rain prints, 181 

Recent epoch, 416, 440, 447 

Reconcentration of ores, 289 

Record, the geological, 291 

Red clay, 187 

Red River of the North, 67 

Red Sea, 221 

Red snow, 116 

Reefs, coral, 188 
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By ROBERT A. MILLIKAN and HENRY G. GALE 

List price, 40 cents ; mailbg price, 45 cents 



THIS one-year course in physics has grown out of the 
experience of the authors in developing the work in 
physics at the School of Education of the University of 
Chicago, and in dealing with the physics instruction in affiliated 
high schools and academies. 

The book is a simple, objective presentation of the subject as 
opposed to a formal and mathematical one. It is intended for 
the third-year high-school pupils and is therefore adapted in style 
and method of treatment to the needs of students between the 
ages of fifteen and eighteen. It especially emphasizes the his- 
torical and practical aspects of the subject and connects the study 
very intimately with facts of daily observation and experience. 

The authors have made a careful distinction between the class 
of experiments which are essentially laboratory problems and 
those which belong more properly to the class room and the 
lecture table. The former are grouped into a Laboratory Manual 
which is designed for use in connection with the text. The two 
books are not, however, organically connected, each being com- 
plete in itself. 

All the experiments included in the work have been carefully 
chosen with reference to their usefulness as effective class-room 
demonstrations. 
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AN ELEMENTARY STUDY OF 

CHEMISTRY 

Bjr WILUAM Mcpherson, PnSmor of ChcmiNiy in Ohb Stme Udmdhj, 
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Ohio Strte Unhrcnity. 
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THIS book is the outgrowth of manj jestB of experience in 
the teaching of elementary chemistry. In its preparation 
the authors have steadfastly kept in mind the Hmitations 
of the student to whom chemistry is a new science. They have 
endeavored to present the subject in a dear, well-graded way, 
passing in a natural and logical manner from principles which are 
readily understood to those which are more difficult to grasp. 
The language is simple and as free as possible from unusual and 
technical phrases. Those which are unavoidable are carefully 
defined. The outline is made very plain, and the paragraphing 
is designed to be of real assistance to the student in his reading. 

The book is in no way radical, either in the subject-matter 
selected or in the method of treatment. At the same time it is in 
thorough harmony with the most recent developments in chem- 
istry, both in respect to theory and discovery. Great care has 
been taken in the theoretical portions to make the treatment simple 
and well within the reach of the ability of an elementary student. 
The most recent discoveries have been touched upon where they 
come within the scope of an elementary text. Especial attention 
has been given to the practical applications of chemistry, and to 
the description of the manufacturing processes in use at the 
present time. 

EXERCISES IN CHEMISTRY. By William McPherson and 
William £. Henderson. (/h /ress.) 
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PRINCIPLES OF BOTANY 

By JOSEPH Y. BERGEN, recently Instructor in Biology m the English High 
School, Boston, and BRADLEY M. DAVIS, recently Assistant Professor 
of Plant Morphology in the University of Chicago. 
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A LABORATORY AND FIELD MANUAL OF BOTANY 

By JOSEPH Y. BERGEN and BRADLEY M. DAVIS 



PRINCIPLES OF BOTANY is a work especially suited 
for college and normal-school classes and for those 
high schools that are equipped to give more than an average 
course in this subject. It claims superior merit in the mate- 
rial which it offers for a consecutive series of studies of 
representative spore plants, so treated as to outline the 
evolutionary history of the plant world. 

Some of the characteristics which make this volume 
superior to others of its kind are : 

I. That it presents more adequately than any other on the market the 
subject-matter demanded by the College Entrance Examination Board 
and the state universities of the middle and far West. 

II. That no other botany of its scope leads up to the more difficult 
portions of the subject in so easy and untechnical a manner. 

III. That it is the first book of its class to present ecology as a con- 
nected subject and not as a series of snap-shot studies. 

IV. That it is the only botany which gives a clear idea of the dis- 
tribution of vegetation in the United States, with the reasons for it. 

V. That it is better and more fully illustrated than any other book 
for beginners in botany. 

With mature students a half year's course may be framed 
from the book. 
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